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(54) Pe<|>epaT 



OnucaHbi HOBbie Kap6aabi B0.n>4>paMa, .lenipOBaHHbie cj)TopoM b Ko;niHecTBe ao 
0,5 Bee. °b, h bo3MO)kho <J)Topyr;iepo;iHbiMii KOMno3HiuiAMii. Hx nojiyneHiie 
bo3moh<ho HOBbiM cnoco6oM XHMHMecKoro ra30(j)a3Horo ocaacaemm, BicnoHaiomeH 
reKca(|)Topiu Bcub(j)paMa, Boaopoaa h yr.iepoiiccxiiepacaiuero ra3a. 
Oco6eHHOCTbio HOBoro cnoco6a HB.uieToi npesBapiiTe.ibHaji TepMHHecKaa 
aKTHBamiH yiviepoacoaepiKaiuero ra3a. 

Kap6lUOBOw T Ib(J)paMOBbie nOKpblTlIH HaHOCHTCH Ha KOHCTpVKUHOHHbie MaTepuanbi 
H H3neJllia H3 H1IX. OhH HMdOT IIOBblllieHHbie H3HOCOCTOilKOCTb, KOpp03HOHHVK> 
H XHMHHeCKVIO CTOHKOCTb. 



HCKJIIOHHTEJIbHO ZUIfl UEJIEM MH<DOPM AUHH 

Koiibi. Hcnojib3yeMbie ja/iH ooo3HaMCHH» crpaH-HJieHOB PCT Ha THTV/ibHux jiHcrax 6poiuiop. b KOTopbix ny6jiMKy»OTc>i MOK<ayHapojiHbic 

3aJIBKH B COOTBeTCTBMH c PCT. 
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KAPEHflOBOJIbOPAMOBME DOKPHTHH H CnOCOB HX 
H3rOTOBJIEHHa 

06JiaCTb TeXHHKH 

5 H3o6peTeHHe othochtch k TexHOJioniH HaHeceraw komjio3huhohhmx 
noBepxHOCTHWX cHcreM, o6jiajiaiomHX bwcokoh h3hoco-, 3po3HOHHo- h 

XHMHMeCKOH CTOHKOCTbK). BoJiee TOHHO, H306peTeHHe OTHOCHTCH K TeXHOJIOTHH 

HaHeceHHH noKpbrrHH, KOTopwe BioiiOHaioT Kap6HAbi BOJib4>paMa, hx cmcch 
Meacay co6oii, c BOJib<J>paMOM hjih co cBo6o,aHhiM yniepoflOM. 

10 Oco6oTBep/U>ie, 3p03HOHHO- H KOpp03HOHHOCTOftKHe nOKpblTH*, B TOM HHCJie C 
KCn0.1b30BaHHeM Kap6HflOB BO-lb4)paMa t HIHpOKO HCnOvTb3yK)TCH JIJ1H 
H3rOTOBJieHHfl pa3-lHHHbIX H3AeJ»lfi H HHCTpVMeHTOB B COBpeMeHHOM 
MaiUHHOCTpOeHHH . TaKHe IIOKpbmW o6;iaflaiOT BblCOKOH 3p03HOHHOH, 
XHMHMeCKOH H H3HOCOCTOHKOCTbK), H TaKHM o6pa30M CymeCTBCHHO nOBblUiaiOT 

15 CpOK CJIV}K6bI pa3.1HHHbIX n3Zie.TOII MaiUHHOCTpOeHHH H HHCTpVMeHTOB , 

pa6oTaioiUHX b Hcecnanc 3Kcn;iyaTaiiHOHHbix yciOBHHX. 

ypOBeHb TeXHHKH 

20 B naTeHTe GB 2 179 678 A onncaHa noBepXHOCTHaa KOMno3HTHaa cHCTeMa c 

BblCOKOH H3HOCO-, H 3p03HOHHOH CTOHKOCTbK), COCTOHHiafl H3 CMeCH BOJlbcjDpaMa 

jinn o6ecneneHHH nJiacraMHOCTH h xap6naa BOJib<|)paMa W 2 C mix o6ecneMeHH* 
TBepAOCTH. 3th TBepubie noKpbiTHH H3 MejiK03epHHcroH cMecH Kap6wa 
BOJibc|)paMa c MeTa^ijiHHecKHM Ba/ib<J)paMOM 6mjih nojiyMeHM mctoaom 
25 <|>H3HHecKoro ra30(J>a3Horo ocaameHHa (PVD), nyTeM pacnwjieHHfl BOJibc|>paMa 
h yrjiepofla, coflepacaimixcfl b owe^bHbix MHineimx. Ha nojyioaacax pa3JiHMHoro 
rana Bo;n><j)paM h yrjiepoa KOHjaeHcnpyioTCH, o6pa3yn Ha3BaHHbie cnnaBbi 
BO^bcJjpaMa c Kap6naoM BOJib<|)paMa. 

O/maKO, cxopocTb CHHTe3a Kap6nj30B BOJibcJ>paMa oneHb HH3Ka, BHyTpeHHHe 
30 HanpnxceHHH b ocaaKax pe3Ko B03pacraiOT no Mepe pocra BOJib<f>paM-yrjiepo,aHoro 

CJIOfl, MTO npHBOAHT K OTCJiaHBaHHK) IIOKpblTHH. TIo STOft IIpHHHHe nOJiyHHTb 
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AOcra-roMHO TOJicrae noicpbrnw PVD-MeTo/ioM He y^aerca. KpoMe Toro, Mero/i 
4>H3HMecKoro ra3oc})a3Horo ocaaeaeHH* npHHruranajibHO He npnro^eH &jvi 
HaHeceHHH noKpbiraii Ha H3flejnia cjiohchoh reoMeTpHH H3-3a HeB03MO)KHocTH 
ocaacaemm noKpwTHfl na 3aTeHeHHbix no oraomeHHio k nanaioineMy nynxy 

5 ynacTKax mnensia. 

Ilpouecc XHMHMecKoro ra30<j>a3Horo oca^aeHHH (CVD) HcmiioHaeT sth 
HeflocrraTKH. CVD-npouecc Moacer 6bin> Hcno;ib30BaH min HaHeceHna a6pa3HBHo- 

, 3 P 03HOHHO H H3HOCOCTOHKHX, TBepflblX nOKpblTHH Ha HOAJTCOKKaX H H3fleJIH*X 

cJioacHoii reoMeTpHH. 

10 B thiihmhom CVD npouecce HaHeceHHH KOMiio3HTHbix noKpbiTHii noflJioaoca 
HarpeBaeTCH b peaKUHOHHoii KaMepe h 3aTeM npeaBapirreJibHO CMeiuaHHbie 
rasoodpasHbie peareHTbi bbo/wtch b stv KaMepy. HsMeHeHHeM cocTaBa 
peaKUHOHHoii cMecH h napaMeTpoB npouecca (TeMnepaiypa noflJioacKH, cocraB 
peaKUHOHHOH cMeca, cKopocTb noTOKa, o6inee aaBJieHHe b peaKUHOHHoii CMecH, 

15 -TeHneparypa -no/iaBaeMbix ra30B h T.a.) Moryr 6bm> no;iyHeHbi ,pa3.i>iHHbie 

IlOKpblTHH. 

CpeaH CVD-MeTOflOB OCa>KfleHH* W-C nOKpHTHH TOJIbKO (|)TOpHaHbIH MeTOZI 

no3BOjmeT <f>opMHpoBaTb Kap6uabi Bo;n>c}>paMa BbicoKoro KanecTBa npH hh3koh 
TeMnepaType. Rjih 3Toro b CVD npouecce Hcno;ib3yiOT TepMHHecKoe pa3JioHceHHe 
20 CMecn reKca(J)TOpH^a Bo;ib<J)paMa, Bonopozia h yrjiepoflco/iepacamero ra 3a. 

B KanecTBe ymepoACOAep^camHX ra30B Hcnojib30BaJincb pa3^HMHbie peareHTbi, 
HanpHMep, zmMemia^Hp, aMHHbi, npomuieH h t.a., c noMoiubio Koropbix moscho 
CHHTe3HpoBaTb Kap6Hfl BOJib(J>paMa onHoro hjih jxsyx COCTaBOB. 
HanpHMep, npn noMonm TepMHMecKoro pa3JiOHceHHfl AHMeTHJi34>Hpa (DME) 

25 [En 0 328 084 BI] nojiyneHH CMecn W+W 3 C; W+W 2 C+W 3 C; W+W 2 C b Biwe 
AByxcjioifflbix noKpwTHfl. BoJib^paMOBbrii BHyTpeHHHH cjioh noKpbiraa nojiyneH 
H3 ra30Boii CMecH WF 6 (0,3 ji/mhh), H[ (3 ji/mhh), At (4,0 ji/mkh) npH 
460°C. BHeuiHHii cjioh H3 CMecn BOJibcfrpaMa c W 3 C nojiyneH H3 CMecH WF 6 (0,3 
ji/mhh), H 2 (3 ji/mhh) h DME (0,4 ji/mhh) npn 460°C h o6meM aaBJieHHH 

30 40 Top. BHeuiHee noKpwrae W+W 2 C+W 3 C nojiyHeHO H3 CMecH WF^ (0,3 
ji/mhh), H 2 (3 ji/mhh) h DME (0,55 ji/mhh) npH 460oC h o6meM aaBJieHHH 
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40 Top. BHeumee noKpbrrae W+W 2 C nojiyneHO H3 cmcch WF 6 (0,3 /i/mhh), H 2 
(3 ;i/mhh), At (4,5 ji/mhh) h DME (0,85 ji/mhh) npn 460oC h o6meM 
AaBJieHHH 40 Top. 

IIo nareirry JP 9113527 A 19910204 H3 ra3oo6pa3Hoii cMecii WF 6 , H 2 h aMHHOB 
5 c aTOMHbiM cooTHOiiieHHCM C k N paBHMM 1-20 hHrW paBHbiM 1-15 npH 400- 
900oC nojiyneH WG. npHBeaeHO noJiyneHiie WC H3 cmcch WF 6 :TpHMeraJiaMHH: 
H 2 =l:2:3 (aTOMHoe cooraoineHHe C/W=6,0, H/W=6,0), cKopocTb noTOKa 120 
cmVmhb npH 800<>C, aTMoccJ)epHOM o6meM aaBJiemm, b TeHemie 30 mmh b Bime 

CJIOfl TOJIBUHHOH 70 MHKpOH. 

10 IIo naTemy JP 8857301 A 19880310 H3 ra30o6pa3Hoii cmcch WF 6 , H h 
apOMaTHHecKoro yivieBOflopo/ia c aTOMHWM cooTHomemieM C/W paBHOM 2-10 h 
H/C 6ojiee 3 npn TeMnepaType 250-500*C noJiyneHo noKpbirae H3 W 3 C Ha 
no&noHace H3 cUiiomhhhh. 

Cor.iacHO naTemy JP 84280063 A 19841228 H3 ra30o6pa3Hoii CMecH WF 6 , C 3 H 6 
15 h H 2 c HHepTHbiM ra30M Ha rpacjniTOBoii noajioaoce noJiy^eHa aoicpbraie. H3 W£ 
npeHMymecTBeHHbiii peacHM: cMecb WF 6 :H 2 =1:3-1:15 c Ao6aBKOH C^H^ b 
peaKUHOHHofi oiecH c MOJibHbiM cooTHouieHHCM 0,01-0,3; TeMnepaTypa nozuioxacH 
350-600°C. 

no naTeHTy JP 84204563 A 19840929 H3 ra30o6pa3Hoii cmcch WF 6 , 1\ 
20 (Mo^bHoe cooTHonieHHe WF 6 :H 2 =1:3-1:15) h UHKJionponaHa c MOJibHbiM 
cooraoiueHHeM b CMecH 0,01-0,3 npH TeMnepaType no^JiOKKH 350-600<>C 
nojiyMeHo noKpbirae H3 W 2 C. B npHMepe npHBe/ieHO nojiynemie noKpbiTHH H3 
W 2 C Ha uejiROVL nofljioacKe H3 cmgch WF fi : 40, H 2 : 320, Ar: 40, C^H^: 10 
cm 3 /mhh npH 500°C co cKopocTbio pocra 3,3 MHKpoHa/ mhh. 
25 B En A 0 305 917 onHcaHbi oco6oTBepabie, Me;iK03epHHCTbie, Hecroji6MaTbie, 
cjioHCTbie BOJib(J)paM-yrjiepOflHbie cnjiaBbi, KOTOpwe nojiyneHbi XHMHHecKHM 
ocaacaemieM H3 ra30Boii (J)a3bi. OnHcaHHbie cnjiaBbi coaepacaT Kap6HflHbie cj)a3bi, 
cocTOHiime hx W 2 C h;ih W 3 C, h;ih H3 hx cmccm Meacay co6ofi> noKa3aHo, hto 
3th BOJibcjjpaM-yrjiepotfHbie cmiaBbi, HaneceHHbie Ha HeKOTopwe ranbi noAJioaceK 
30 co/iepacaT cency oneHb tohkhx MHKpoTpemHH no BceMy oca/ucy. noKpbrnia H3 

3THX CnJiaBOB o6jiaAaiOT HeflOCTaTOHHblM COnpOTHBJieHMeM K 3p03HH H H3HOCy. 



3AMEHHK)IHHft JIHCT (IIPABHJIO 26) 



WO 00/47796 PCT/RU99/00037 

4 

B EII 0 411 646 AI onHcaHO MHorocnoftHoe noKpbrrae, coaepacamee 
nocjieAOBaTC/ibHO Hepeflyxmmeca cjioh Bojn>4)paMa h cmcch BOJib<J)paMa c 
Kap6n/iaMH BOjn>cJ)paMa b Bwe W 2 C, W 3 C mm hx cmcch. IIoKa3aHo, hto TaKoe 
noKpMTHe noBbiuiaer a6pa3HBHyio h 3po3HOHHyio croHKOCTb MaTepnzuia. OflHaKO 

5 H3BeCTHO, HTO McLKCHMajIbKhlH K0MHO3HUH0HHbIH 3cJ)(J)eKT Ha6;HOAaeTCH JXJUi OIOeB 

c pe3Koii rpaHHHefi Meacay hhmh. 3roro ecrecrBeHHO He Ha6jiK>flaeTca npn 
conp^DKeHHH caoeB Bom>4>paMa h cmcch BOJU>4)paMa c Kap6nflOM BOJu>4)paMa, hto 
xapaicrepHO zuifl 3Toro naTeHTa. 

10 CyuiHOCTb H3o6peTeHH* 

KaK cne/iyer H3 npeacraBJieHHbix Bbime naTeirroB jijix nojiyneHHH pa3jnran>ix 
bhaob Kap6naoB BOJib(J)paMa Hcnojib3yK>Tca pa3JiHHHbie peareHTbi h pa3JiHHHbie 
TexHo^ornH. B CBH3H c sthm ocHOBHoii 3aaaHeii, peuiaeMOH HacrofliUHM 
15 . H3o6pereiuieM^flB^iocb co3iiaHHe yHUBepca-ibHoii iexHanorun, no3Bo.TflK>meii 
no.ivMaTb xaK Bee H3BecrHbie Kap6Hflbi, TaK h hx cmcch, h 6o;iee Toro, HOBbie 
Kap6jtabi. 

KpOMe Toro, npoaojiacaeT ocraBaTbCfl aicryajibHoii h 3aaana noBbiuieHHfl 

TBepflOCTH IlOKpblTHH W-C, nOCKOJIbKy HMeHHO C TBepAOCTbK) CBH3aHbI TaKHe 

20 noTpe6HTejibCKHe xapaKTepHCTHKH KaK npoHHocrb h H3HococToihcocTb noKpbrrafl. 
PemeHHe sthx w apyrnx 3a/can o6ecneHHBaeTCH HacTOHHiHM H3o6peTeHHeM 
6jiaroaapH co3flaHHio HOBoro cnoco6a nojiyHeHUH Kap6ajaoB BOJibc|)paMa h hx 
cMeceii, ochobhoA oco6eHHOcTbK> KOToporo HBjmeTca npeflBapHTejibHaa 
TepMHMecKM aKTHBauHfl yoeBOflopoflOB, ncnojib3yeMbix b CVD npouecce. 

25 Chhtc3 W-C cjioh onpeflaneHHoro cocTaBa 3aBHCHT ot TeMnepaTypbi aKTHBauHH, 
KOTopaa BapbHpyeTCB ot 500-850°C, o6wero aaBJieHH* b peaicrope (ot 2 ao 150 
Klla) h napiwajibHoro jx&BJieHiiw vmeBoaopoflHoro peareHTa. 
npeflBapHTejibHan aKTHBaunn yr.ieBO^opoflOB npHBO/mT k <f)opMHpoBaHHio b 
ra30Bofl 4>a3e Heo6x oAHMoii KOHuempauHH yrjieBOflopo/iHbix paaHxajioB h hx 

30 accouwauHH co (J)TopoM b niHpoKOM <aiiana30He. C noMombio npeflJioaceHHoro 
cnoco6a yAaeTCfl JierapoBaTb Kap6HflW h/hjih hx cmcch (jyropoM h cjrrop- 
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yrJiepoflHMMH KOMnosHimaMH. (Drop, xax H aH6oJiee xhmhhcckh aKTHBHbiH 
sjieMenr, BHeapaacb b pemexKy KapoHfla, ycHJiHBaer MeacaTOMHyio CB*3b. 
YcHJieHHe MeacaxoMHoii cbhsh b K ap6uae h npHBOflHT k nosbnueHHio TBepaocra. 
3tot npouecc noaooeH o6pa30BaHHK> oxcHKap6KflHbix <pa 3 , BMecro hhcto 
5 K ap6HAH W x cTpyKxyp. C flpyroii cropoHw. 4>to P ct^^pyej cTpyxrypy 
HHSKOTeMnepatypHbix <pa3 - cydxapoimoB BOiibtppaMa, ejiaroaapa bmcokoh 
3HepraM CBH3H (prop-yrjiepofl. 

Hapwy c a^eMentapHbiM cptopoM B cocras Kap6Haa BOJibcppaMa Moryr 6biTb 
BBeaenbi h (pTopyraepoOTHC xoMnosHUHH c coAepacaraieM yrjiepoaa no 15 Bec.% 

10 h cptopa no 0,5 Bec.%. 3th aooaBKH BbmojinjuoT flBoaxyio pcwib: BO-nepBbix, ohh 
noBbmiaioT TBepflocxb Kap6»woB BO^bcppana H, BO-BTopbix, CTa6nJlH3HpyiOT 
CTpyKTypy cy6Kap6HAOB BOJibcppaMa. TaxHM odpasoM, npn noMonw BBeaeHHH 
4> T opa h cpTopyrJiepoflHbix Ao6aBOK yaajiocb nojrywb Kap6Hflbi BOJibcppaMa, 
raKHe xax MOHOKap6H fl WC, nojryxapdna W 2 C, cyexapejuw W 3 C h W l2 C. 

15 C Hcnojib3pBaHneM hobwx Kap6i W oB Bo.ib(ppaMa Moacer 6wrb HsroroBJieHO 
aBvaioitaoe noKpbmie, BHyrpeHHUH cat* xoxoporo ( H aHocHMbm na nofljioacxy - 
KOHcrpvTCTHBHbiH MDTepnaJi H.IH HSflejme H3 Hero) BbmoJiHeH H3 BOJib<ppaMa, a 
HapyacHbiii cjioh coflepaarr xap6HA BOJibcppaMa, jierHpoBaHHbiii <pTopoM H, 

B03M0JKH0, (pTOpymepOflHblMH KOMII03HUHHMH HJIH CMeCH TaXHX Ka P 6lWOB 

20 Meacay coooh, a Taxace c BOJibcppaMOM h co cBo6oztHHM yrJiepoflOM. 

KoHCTpyKUHOHHbiH MaTepnaji c HaHeceHHWM KOMnosHUHOHHWM noKpbiroeM HMeer 
BHyrpeHHHH cjioh BOJibcppaMa tojuuhhoh 0,5-300 mkm, a HapyacHbrii cjioh HMeeT 
TOiimiiHy 0,5-300 mkm npH coothohichhh tojiiuhh BHyrpeHHero h napyacHoro 
cjioeB ot 1:1 no 1:600. 

25 

Kap6HAH BOjnxppaMa corjiacno HacxoaiueMy H3o6pereHHX> ocaamaroT b 
xHMHMecxoM peaKTope Ha nozuioacxy H3 rasoBOH (paaw, BKJixmaKweH 
rexcacpTopiu BOJibcppaMa, BOflopoa, yrjiepoflcoaepacaiUHH ras, HanpHMep, nponan 
h, Heo6*3aTeJibHO. HHepTHWH raa, HanpHMep, aproH. YrjiepoACOflepacamHH ras 
30 nepea bbo/wm b peaicrop repMiwecxH aKTHBHpyiOT nyreM HarpeBa no 500-850»C, 
npouecc venyr n P H AaBJieHHH b peaxrope ot 2 no 150 xlla, nofljioacxy HarpeBaior 
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AO reMneparypw 400-900°C. CooTHomeHHe yrjiepoacoaepacamero rasa k 
BOflopoay BapbHpyerca ot 0,2 ao 1,7, reKcacpxopnaa BOJibcppaMa k BOflopoay ot 
0,02 floO.12. 

napaMerpw npouecca b yKaaaHHbix npenejiax onpeflemnoica b aaBHCHMOcxH ot 
5 Toro, KaKoii xap6na h;ih CMecb Kap6naoB Mercay coooii, hjih c bojuxppbmom, hah 
c yrJiepoaoM, neooxoaHMO no^yMHTb. Ta K , a*a nonyMemw MOHOKap6Haa 
Bo^pana WC npwBapHTejibHyio TepMoaKTHBauHK) yrapoacoaepacamero rasa 
npoBoaar n P H teMnepaxype 750-850«C, cooTHomeHHe nponana k Boaopoay 
ycTaHaBJiHBaroT B HHTepBJUie 1,00-1,50, reKca<pTO P Haa BOJnxppaMa K Boaopoay - 
10 0,08-0,10. 

fljw no^Hewi* oaHOcpaaaoro no^Kap6 M a BOjnxppaMa W,C yKasaanbie 
aHaneHHH cooTBercTBeHHo poannc* 600-750oC, 0,75-0,90 « 0,06-0,08; «n 
no^yneHHH cy6Kap6Haa Bo.n.cppaMa W 3 C: 560-720oC, 0,60-0,65 > 0,050-0,055. 
Cnoco6oM coraaoio HacroameMy H3o6peTeH H K> 6bi.n noiiynen h HenaBecTHbrii 
1 5 .. paHse-cvfiKap&u BO.iwppaMa W U C c MaKcnMa.ibHOH TBepnocTbio no oxHOUieHHio 
K H3 B ecTHbiM Kap6HaaM. *KQW* AO 3500 K r/MM 2 . Ajih ero noJiyieHBH 
nponaa noaseprxica xepMHMecKoii aKTHBamn. ao 500-700oC, cooxHonieroie 

nponana K Boaopoay ycraHaBAHBaaocb B HirrepBaae 0,35-0,40, reKcacpxopnaa 

BOJibcppaMa k Boaopoay ot 0,040 ao 0,045. 
20 JlaHHbiii cnoco6 nosBOJiaer no^axb n cMecH Kap6naoB Bo.ibcppaMa, a raicace 

cmwh KapenaoB co cBoooaHMMH B o^b«ppaM0M, h yraepoaoM. 3n^enm 

yKaaaHHbix napaMexpoB kul 3Thx ciynaeB npaBeaeHbi b Ta6/mue 1. 
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Ta6jinua 1 



N 
n/n 


CocraB 


TeMnepaTypa 
aKTHBauHH nponana 

oC 


CooTHOiueHHe 
nponaHa k 
BOflopojiy 


CooTHomeHHe 
reKca<pTopima 

BOJIbCppaMa K 

BOflopo/ry 


1. 
2. 
3. 
4. 

5. 


WC+WjC 

w ; c+w 3 c 

w 2 c+w n c 

w 3 c+w 15 c 

WjC+W 3 C 

+W;,C 


670-790 
580-730 
570-700 
550-680 

570-710 


0,90-1 ,00 
0,70-0,75 
0,60-0,65 
0,40-0,60 

0,65-0,70 


0,07-0,09 
0,055-0,060 
0,045-0,060 
0,045-0,050 

0,045-0,060 


6. 
7. 
8. 
9. 

10. 


wc+w 
w,c+w 

W 3 C+W 

w l2 c+w 

WjC+W.jC 


600-720 
560-700 
500-680 

500-680 


0,70-0,90 
0,70-0,90 
0,60-0,65 
0,20-0,35 

0,35-0,60 


0,08-0,09 
0,08 - 0,09 
0,055-0,070 
0,045-0,070 

0,05-0,07 


11. 


+w 

wc+c 


750-850 


1.50-1.70 


.0,10 -_QJ2 



10 



15 



KaK yace yuaaaHO Bbniie, aa cnex npeflBapHxeJibHoii xepMHHecKOM aKTHBainm 
Hcxo^Horo yrJiepoflco/iepacamero peareHxa ocyinecrBJiaercH peryanpoBaHHe 
coaepacaHMa aicrHBHbix yrjieBOflopoflHbix pawocajioB b uih P okhx npeaeaax. 3to 
20 nosBOAfler cpopMHpoBatb Kap6 M Hbie cpaaw h hx oiecn c coaepacaHHeM 
cBodoiffloro ymepofla flo 15 Bec.%. TepMHHecKyio aKTHBaiuno 
yraepoaco/tepacamero pearema npoBOAHT bo cpropoBOflopo/moH aTMOCcpepe, to 
cnoco6cTBye T flonojiHHTeJibHOMy o6pa30BaHHio cpTopyrjiepo/Wbix paflHKiuioB. 
PaflHKaJiw o6ohx bhaob yMacreyioT b jierapoBaHHH Kap6iwm»ix cpaa h hx cMeceii 
25 <pTopoM h yr-iepoflOM, ito cnoco6cTByer noBbiuieHWO hx npoHHOcrabix h 

TpH60TeXHHHeCKHX CBOHCTB. 

n P H pocre noKpbiTHii H3 o fl HO<pa3Hbix Kap6HflOB BOJib(ppaMa BHyxpeHHHe 
HanpaaceHH* b hhx HapacTaiOT Me/uieHHo h Bbicoica* H3HococroHKOCTb arax 
noKpbrraH Ha6jnoflaerc* n P H AocraTOTOo 6ojibHiOH TOJiWHHe ( fl o 300 mkm). Hx 
30 XHMHMecKan croibcocTb h BbicoKaa TBepaocTb ooyaioBJieHa chj»hoh MeacaTOMHOH 
CBflSbio atoMOB b peuieTKe Kap6nflOB h orcyTCTBHeM cBo6oflHoro BOJnxppaMa. 
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Jim peajinaaiiHH MHxponjiacTHHecKoro 3(pcpeKTa b noxpbiTHax Hcnoflbaywics 
cMecH Kap6HAOB MOKfly coooii, hx cMecn c Bo^cppaMOM hjih cbo6ootwm 
yr^epoflOM. HecKOJibKO xepaa npn stom xHMiwecKyio hjih 3JieKTpoxHMHHecicyio 

CTOHKOCTb. Heo6xOflHMO OTMeTHTb, HTO nOK P bITHH H3 Ka P 6lMOB BOJIb<ppaMa CO 

5 cBo6o fl HbiM yiviepo/ioM, KpoMe pea^auHH oTMeneHHoro MHKponJiacTHHecKoro 
34xpeKTa, HMeioT noHHJKeHHbiH K03(p<pHroieirr Tpemw. nocieAHee npesBbniaHHo 
BaacHO n P H HcnoJib30BaHHH cMeceft KapenaoB co CBo6o OT biM yrJiepoaoM b 
KanecTBe hshococtohkhx, Tpn6oTexHHMecKHX noKpbrnui b ysjiax tpemw. 
Ha ocHOBe Hacroamero H3o6peTeH H a h c Hcnojib30BaHneM yxaaaHHoro hobofo 
10 cnoco6a naHeceHHH noKpbmtf Moryx 6biTb noayneHbi h MHorocioiiHbie noKpbrma 
c MepeAosaHHeM caoeB BOjnxppaMa h caoeB, coaepacaiiMX Kap6 M bi BcwibcppaMa, 
jierapoBaHHbie (pxopoM h, bosmoscho, (propyrjiepoflHbiMH KOMiiosHiBiaMH, b tom 
MHCJie b cMecH Meamy co6oh, c B o;ibcppaMOM hjjh yrviepcww. ToamHHbi 
oracibKbix Mepe^yiomHxcfl cioes Haxozurrca b cooTHomeroiH ot 1:1 ao 1:5. 
15 06-be KTO ^ .iiaci M mero H3o6pere HH a HB.iaeTcn h cum KOHcrpyKiiHOHHbiH 
MaTepna.1, HMeiouum jByciofmoe hjih MHorocjioimoe noKpwrae, BwnojiHeHHoe 
cor.iacHo HacToameMy H3o6peTerano. 



IIpHMepbi ocymecTB^eHHfl H3o6peTeHHH 



20 



XoT* He HCKJUOHaeTCH B03M05KHOCTb HCnOJlbSOBOHHH C3MHX K3p6HflOB 

BOJib<ppaMa, nojiynaeMbix b cootbctctbhh c HacToauuiM H3o6peTeHHeM, b 
KanecTBe KOHcrpyKUHOHHoro Marepnaaa, oflHaxo npeHMymecTBeHHWM oiyHaeM 
hx Hcnojn>30B!iHHH aBJweTCfl HaHeceHHe hx Ha KOHCTpyKUHOHHbie MaTepnanw h 

25 HsaeJiH* H3 hhx b KaMecTBe hshococtohkhx noRpwrMH . nosroMy, 
npeflCTaBJieHHbie HHace npHMepw iMJiracTpupyioT H3o6pe T eHHe hmchho Ha 
cTynaax ocaayieHHa Kap6HfloB Ha nozwoaacH b KaHecree hx noKpbiTHH. OflHaxo 
3TH ciynaH He orpaHHHHBaioT o6-beMa H3o6peTeHH* TOJibKo hmh, nocKOJibxy 
bo3mo)kho noayneHHe naTemyeMbiM chocooom h apyrax KOM6HHauHH Kap6HflOB 

30 BoawppaMa Meacay cooofi h/hjih c BOJib<ppaMOM h/hjih c yrJiepoaoM. 
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IIpeflCTaBJieHHwe npHMepw Kaca»Tca noJiyneHH* cjiohchhx noKpbrraii, xorfla 
cjioii noKpwnw, co/iepacaiaHH tot hjm hhoh Kap6na BOJib(ppaMa hjih CMecH 
Kap6HflOB Meayry co6oh, c BOJUxppaMOM, yraepoaoM ocaacaaersa Ha cjjoh 
Bo^bcppaMa, ocaameHHbifi jxo aroro H a no/woaacy. IIpHMepM oxsaTbiBaiOT oryMan 
5 aBVCJioflHbix noKpbnuii (BHyrpeHHHH oioii BOJibcppana h BHeniHHH, coaepacaiUHH 
K ap6na(w) BOJib<ppa M a) h MHorocioiiHbix noKpbiTHH, c HepeaoBaroieM aioeB 
Bo;ib(ppaMa h cjioeB, coaepacaniHX Kap6Hfl(u) B<wib(ppaMa. 
KoHCTpyKUHOHHbiH MaTepHaa, Ha KOTopbrii HaHocuT KOMnoanTHoe noKpbrrae (h/ih 
ero BHeuiHHii no oTHOniemno k noicpbrraio cjioii, b arynae 6HMerajma) coflepaarr 
10 ocHOBy H3 paajiHHHbix coptob TBepaoro ciuiaBa, KepaMHK, TaKHX kuk KapoW 
icpeMHHH , HirrpHfl KpeMHHa, oKCJM aJiioMHHHH, iwpKOHHfl, yraepoa-yniepoaHbie 
KOMnosHUHOHHbie MaTepH<ubi h r.a., paaa acejieaocoaepacamHX ciwaBOB, Taxnx 
KaK acejieso, yrJiepoflHCTbie avai, HepacaBewwHe ctjuih. HHCTpyMeirraJibHbie h 
ewcTpopeacyuwe cTajiH, nyryHM hjih HHbie MaTepHaJiM, B w6paHHbie H3 paaa: 
15 Meflb. cepeopo, sojioto, Ko6a.abT,..HHK.eJib, pwmii, pernm, n-ia-rana, HpaaHH, 
KpeMHiui, TaHTa.a, hho6hh, BaHaflHH, BOjnxppaM, Mo;m6fleH, yrjiepoa, aaoT, 6op, 
hx cimaBbi, coezuraeHH* h CMecH, a Taxace THTaHOBbie cnjiaBbi. 
npeanoHTHTCibHo, hto6w KOHCTpyxuHOHHWH MaTepaaJi una ero bhcuihhh cjioh 
no oTHomeHHK) k noKpbrnuo cocroa/i H3 cnJiaBOB c coflepacaroieM HHKe.™ Bbime 
20 25 aT.%, HanpHMep, HHBap, hhxpom, Monejib h flpyrae. 

B cnyHae ocaatnemu Ha xhmhmcckh axTHBHbie MaTepnajiu TaKHe Kax: ace;ie30, 
yr.iepoflHCTbie crajin, HepacaBeiouoie ckuih, HHCTpyMeirraJibHbie h 
6wcTpopeacymHe crann, TyryHbi, THTaHOBbie ciuiaBbi, THTaHOcoflepaeamHe 
TBepflbie cnJiaBM, npeanoHTHTeJibHO HaHocHTb Ha hhx npoMeacyroHHbie 
25 noKpbrrHH, coflepscauwe MaTepHa/ibi xhmhhcckh CToiiKHe bo (pTOpHCTOM 
BOflopoae, Bbi6paHHbie H3 pawa: Meflb, cepe6po, 30JIOTO, Ko6juibT, HHxenb, 
poflHii, peHHH, n-ia-THHa, upwatfi, Tainan, MOJm6fleH, hho6hh, BaH«wHH, 6op 
nyreM ajieKTpoxHMHHecKoro mm XHMHMecKoro ocaayieHHfl H3 bootmx pacreopoB, 
saeKrpojiHaa pacn^aBOB, xHMHHecxoro hjih tpH3HHecKoro ra3o<pa3Horo 
30 ocaayieHHH, HanpHMep nyreM MarHerpoHHoro pacnbmeHHH, h hhwmh MeroflaMH 
no nojiynemisi tojiumhw npOMeacyTOHHbix aioes ot 0,5 no 20 mkm. 
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npoMeacyTOHHue noKpuTHH nojiyneHHbie yicaaaHHbiMH Bbnue MeroaaMH 
H eo6xoOTMO noflBeprayn, TepMHHecxoH o6pa6oTKe npa TewiepaType 400-900»C 
b TeieHHe 0,5 - 1 Mac b Tone BOflopofla hjih HHepraoro ra3a. 
B ciynae oca*aeHH* Ha MarepHajiw xhmhhccxh ctohkhc bo cpTopHcroM 

5 Boaopoae, Taxne KaK Meab, cepe6po, sojioto, xo6aJibT, HHxeab, poaHH, peHHH, 
n-iaTHHa, HpHairii, Tamaji, MOJiH6aeH, BOJibcppaM. hho6hh, rpacpirr, Kap6aabi h 
KepaMHKH npOMejKyTOHHbie noxpbrraH He Hanocar. PaajiHHHbie aerajm cjiojkhoh 
cpopMbi, BbinoJineHHwe H3 MaTepaajia npeaJiaraeMbix xoMnosHTHbix noxpbiTHii, 
npoH3BOAHTca nyreM ocaacaeHHH hx Ha Meab, cepeopo, sojioto, Ko6ajibT, Hmcejib, 

10 poflHii, pemiii, njiaraHa, h P iuhh, Tama*. MOJinoaeH, BOjnxppaM, hhoohh, 
rpa<pHT c nocjieayxHUHM yaaJieHHeM noaJioacex nyreM XHMHMecKoro, 
ajieKTpoxHMHHecKoro TpaB-neroia hjih hhmmh MeroaaMH. 

06e3JKHpeHHbie h oHHmeHHwe ot nocTopoHHHX npHMecefi noaJioacxn 
yxjiaabmaioTca bo BHyrpb XHMHMecKoro npHMOTOHHoro peaxropa, CHa6*eHHoro 
15 3 J ieKTpunecKHiL-HarpeBaTe.ieM. Xhmhmcckhh peaxrop Baxyy mii py ctch npH 
noMoum (popBaxyvMHoro Hacoca c aaoTHoii BbiMopaacHBaroweii JioByiuxoii ao 
MaxcHMajibHoro paapesceinw h aaTeM b peaxTop noaaerca Boaopoa hjih aproH. 
Ilocjie aroro peaxrop c aerajwMH HarpeBaeTca ao Tpe6yeMOH TeMnepaTypw H 
BbiaepacHBaerc* npn stoh reMneparype 0,5-1 iac. 3a T e M ycraHaBJiHBaerca 
20 H eo6xo/iHMbiH pacxoa Boaopoaa h Tpe6ye M oe o6mee aaBJiemie b peaKTope. 3aTe M 
ycTaHaBJiHBaeTca H eo6xoaHMbiH pacxoa reiccacpTopHaa BOJibcppaMa, Harperoro 
npeaBapwrejibHO ao 30»C. Ilocjie Bbwep5xnBamw aeTajieii b aaaaHHbix ycJioBHax 
a TeneHHe H eo6xoaHMoro a.™ HaHeceHHfl BHyTpeHHero BOJibcppaMOBoro mm 
ycTaHaBJiHBaiOT Tpe6ye M oe o6mee aaBJiemie h b peaxiwoHHyio cMecb fl o6aBJUuoT 
25 onpeflejieHHbifl pacxoa yrjiepoacoaepsxawero rasa, HanpHMep nponaHa, 
npeaBapHTe-ibHO HarpeToro ao H eo6xoaHMOH TeMnepaTypw. n P H noBTopem™ 
onepaumi nojiynaioT MHorocJioihioe xoMnosHUHOHHoe noxpbirae. 3aTeM 
npeKpamaK>T noaany raaa h BbiaepjKHBaroT noaJioacxn b TeneHHe 0,5-1 iac npH 
HeH3MeHHOH TeMnepaType. noae sjtoh BbwepacxH TeMnepaiypa peaxropa 
30 cHHJKaeTca ao KOMHaTHoii npH HenpepwBHOH noaane Boaopoaa hjih aproHa. 
3aieM noaana Boaopoaa hjih aproHa npexpamaerca, peaxtop BaxyyMHpyeTca ao 
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MaKCHMOJibHoro psapeacefflw h b peaKTop nycKaerca Boa/ryx. Ilocjie nero 
noonoacKH c xoMno3HTHbiM noxpbTTHeM H3BJieKaioTcs H3 peaKTopa. KoHxpernbie 
npHMepw onHcaHHoro Bbiuie cnoco6a HaHecemn KOMnosHTHoro noxpbiTHH 
onHcaHM HH»e. Ilpn 3tom HcnHxamw Ha TBepflocrb h onpeaeaeHHe <pa30Boro 
5 cocraBa noxpbiTHH ocymecrBJWflHCb cJieayioniHM o6pa30M. 

HcnbrraHiw Ha TBepflocrb 

Onpeae^eHne TBepflocra noxpbirHH npoBWDWH Ha n P H6ope IIMT-3. 06pa3Ubi 
10 H3 cra*e» h TBepflbix cnJiaBOB c nanecenHMM KOMno3HTHblM noKpMTHeM 
paspeaajm nonepeK h iiMHcpoBajm nonepeMHbiii cpes cHanajia a6pa3HBHWMH 
uiKypKaMH, 3a T eM nojmpoBajiH ajiMasHoft nacroH flo MaxcHMajibHO iwkoh 
noBepxHocxH. MmcporaepflocTb noxpbirHH onpeflejiajm rryreM BA&MHBamifl 
aJiMasHoii mipaMHflKH «a n P H6ope IIMT-3 b cepeflHHy no To^uume BHeumero 
15 ami BHyrpeHHero c.ioa xoMnoaHTHoro noKpbrraa Ha nonepeMHOM 
ornoJiMpoBaHHOM cpeae oopaaua. JIaHHbie ycpeflHJMHCb no 7-10 HSMepeHHHM. no 
peayjibTaTaM Hccjie/joBaHH* ycraHOBJieHO , mto MHxpoTBepflocTb BHyTpeHHero 
B0 ^b(ppaMOBoro caoa cocraBJiHer 350-600 K r/MM 2 , MHxpoTBepflocTb 
MOHOKap6Haa BOJib<ppa M a (WC) cocraBJwer 1900 kT/um 2 , nojryxap6Hfla 
20 BMbcppaMa (W a C) - 3000 xIYmm 2 , cy6xa P 6Hfla W 3 C - 3100 kIYmm 2 . 
Cy6xap6nfl BOJibcppaMa (W (J C) o6;iaflaeT MaxcHMZiflbHOH MHxpoTBepflocTbro 
paBHofi 3500 Kr/MM 2 . CMecn Kap6HaoB Bo^b(ppaMa Meacay co6oii o6jiaaaioT 

npOMeacyTOHHblMH 3HaHeHHHMH TBepflOCTH. 

MHorocJioHHbie noKpbiTHH xapaKTe P H30Ba^HCb cpeflHHM SHaneHHeM TBepflOCTH. 
25 B 3TOM ciyMae Harpy3Ky ajmasHoii irapaMHflKH nofl6npajiH raxHM o6pa30M, 
mto6w o-menaTOK saxBaTbreaji He MeHee 4-x cJioeB MHorocaoiiHoro noKpbrraa. 
H3MepeHiw TBepflOCTH noBTopa.ra Taxace 7-10 pa3. 



OnpeflevieHHe <pa30Boro cocraBa KOMno3HTHoro noxpwTHH 

30 
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<Da30Bbiii cocTaB ocaflKOB onpeaejifljm peHTreHorpacpHHecKHM h 
3 ^eKTpoHHorpa(pHMecKHM MCToaaMH. PeHTreHOCTpyKTypmae HccjieflOBaraw 
npoBO^JiH Ha ^(ppaicTOMerpe flPOH-3 c HcnoJibsoBaHHeM MeflHoro H3JiyMeHHfl 
»a rwocKHX o6pa3uax paanepoM 10x10 mm. KanecTBeHHbiH cpasoBbrii aaajma (pas 

5 W, WC, W,C, W 3 C, W, 2 C, C npOBOflHJIH MeTOflOM IweHTH<pHKaUHH /ihhhh 

oxpaaceHiw no aaHHHM ASTM. Hccne/ioBaHHe cpaaoBoro cocrasa KOMnoaHUHH 
K ap6HflOB BOJibtppaMa co cboooahwm yrJiepoaoM AonoJiHurejibHO npOBOflHJIH c 
noMombio Merofla npocBeHHBaromeii 3 ;ieKTpoHHOH mhkpockoiihh. KpoMe toro, 
onpeaejteHHe (paaoBoro cocraBa naaojaam XHMHHecKHM anajiHSOM Ha o6mee 
10 coaepmaHHe Boabcppawa, yraepoaa « cpxopa. B» aroro bhcihhhh cjkA 
noKpwraa oraejiaJiH ot MeflHoii nowoaocH pacrsopeHHeM b aaoraoii KHcaore. 
3 a T eM H3MeJibHajiH n onpeaejumn XHMHHecKHii cocras Bemecrea noKpbnua c 
noMombio MeroaoB aHajiHTOMecKoa xhmhh. 

15 npHMep 1. .. _ ■■ 

06pa 3 eu H3 yrJiepoAHcroft ctxth (Ct 3) c HaneceHHWM Ha Hero aioeM HHKejw 
tojiuihhoh 8 mkm 3Ji6KTpoxHMHMecKHM cnoco6oM BbwepacHBaeTca b neMH npH 
TeMnepaType 900»C B cpefle reKcacpTC-pHfla BOJibtppaMa (WF S ) h Bo/iopofla (H 2 ) 
npw hx cooTHOiueHHH 0,12 b TeneHHe 5 mhh h 3aTeM b cpeae WF 6 , H 2 h nponaHa 

20 (C 3 H 8 ) npn cooTHOiueHHH WF 6 k Hj paBHOM 0,12 h cooTHOiuemra Qli kH 2 
paBHOM 1.8 b TeneHHe 60 mhh npn npeflBapwrejibHOH TepMoaKTHBauHH C 3 H g npH 
850°C h flaBJieHHH peaKUHOHHoii cMecH 2 iclla. 

B pe3y,ibTaTe nonyHaeM MaTepMaji, HMeiowHH ocHOBy H3 cnum 3 c 
npoMeJKjrroMHUM HHKejieBMM oioeM 8 mkm h komhoshthmm noKpbrnieM c 
25 BHyrpeHHHM c-ioeM BOJibcppaMa (W) TOJimHHoii 5 mkm h HapyacHbiM caoeM H3 
CMecH WC h cBo6oflHoro ynnepoaa (cam) tojiiuhhoh 40 mkm. MracpoTBepflocTb 
noKpbmw - 840 kIVmm 2 , noKpbrrae c rpy6biMH brjhohchhsmh ca*H. 

npHMep 2. 

30 06pa3eu H3 Hep*a B eiomeH ctdjih (X18H10T) c HaHeceHHbiM H a Hero onoeM 

HHKejW TO^milHOH 10 MKM SJieKTpOXHMHieCKHM CnOCOOOM BhlflepJKHBaeTCH B ITCHM 
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npH TeMneparype 800«C b cpeue reKcacpTopnua BouwppaMa (WF 6 ) h Bouopoua 
(H 2 ) npn hx cooTHOiueHHH 0,11 b TeneHHe 5 mhh h 3aTeM B cpeue WF 5 ,^h 
nponaHa (C 3 H 8 ) npH cooraomeHHH WF 6 k H 2 pa B HOM 0,11 H coothoiimhhh C p 8 
K H 2 paBHOM 1 ,6 b TeHerae 60 mhh npn npeuBapHTeJibHoii TepMoaKTHBauHH C^l 8 
5 npH 840°C h aaBJieHHH peaKUHOHHOH cMecn 8,8 Klla. 

B pesyubTBTe nojrynaeM Maxepnaji, hmcwiuhh ocnoBy H3 HepacaBeroiueii cnum 
(X18H10T) c npoMeacyroHHbiM HmcejieBhiM cjioeM 10 mkm h KOMno3HTHbiM 
noKpwTHeM c BHyrpeHHHM cjioeM BOJihcppaMa (W) tojiiuhhoh 5 mkm h 
HapyjKHWM cnoeM H3 CMecn WC h cbooouhoto yrjiepoua tojiiuhhoh 35 mkm. 

10 MfflCpOTBepAOCTb nOKpblTHH - 1150 Kr/MM 2 . 

IlpHMep 3. 

06pa 3 eu hb HepacaBeromeii cam (0X18H10T) c HaHeceHHMM H a Hero cjioeM 

HHKe.lH TOJIIUHHOH 7 MKM SJieKTpOXHMHHeCKHM CUOC060M BMUepJKHBaeTCfl B 

1 5 peaioiHOHHOH Ka M epe n P H reMneparype 700oC b cpeue reKcacpTopiiua BOJibcppaMa 
(WF 6 ) h Bouopoua (H 2 ) npn hx cooTHOiueHHH 0,085 b TeneHHe 1 mhh h saTeM 
b cpeue WF fi , H 2 h nponaHa (G,H 8 ) npH cooTHOiueHHH WF 6 k H 2 paBHOM 0,085 
h cooTHouieHHH C 3 H„ k H 2 paBHOM 1,2 b TeneHHe 2,0 mhh npH npeuBapHTejibHOH 
TepMoaKTHBauHH C 3 H 8 npH 770«C h uaBJieHHH peaKHHOHHOH CMecH 5,2 Klla. 

20 B pe3yjibTaTe nojrynaeM KOHcrpyKUHOHHbiii MaTepHtui, HMeiomHii ocHOBy H3 
cTajiH 0X18H10T c npoMeacyTOHHbiM HHKejieBbiM oioeM 7 mkm h KOMno3HTHbiM 
noKpwTHeM c BHyrpeHHHM cnoen BOJibcppaMa (W) tojiiuhhoh 0,7 mkm h 

HapVJKHblM CJIOeM H3 WC TOJIIUHHOH 8 MKM. MHKpOTBepUOCTb nOKpWTHH - 1900 

kT/ mm 2 . 

25 

IlpHMep 4. 

06pa3eu H3 TBepuoro cnJiaBa BK-10 BbiuepacHBaeTCfl b peaKUHOHHoft KaMepe npn 
TeMnepaType 650<>C b cpeue reKcacpTopnua BOJibcppaMa (WF 6 ) h Bouopoua (H 2 ) 
npn hx cooTHouieHHH 0,08 b TeneHHe 1 mhh h 3areM b cpeue WF 6 , H 2 h nponaHa 

30 (C 3 H 8 ) npH COOTHOUieHHH WF 6 K 1^ paBHOM 0,08 H COOTHOUieHHH Q If k If 
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paBHOM 0,95 b TeneHHe 80 mhh npH npeflBapwrenbHOH TepMoaKTHBaroiH CaHg npH 
730<>C h aaBJieHHH peaKUHOHHoik cMecH 8,8 Klla. 

B peayjibTate nojiynaeM KOHcrpyicmioHHWH MaTepnaji, HMerowHH ocHOBy H3 
TBepaoro cn-iaBa BK-10 h KOMno3HTHoe noKpbiroe, cocToamee H3 BHyrpeHHero 
5 ciofl BOJib(ppaMa (W) tojihihhoh 0,7 mkm h HapyKHoro cjioh H3 CMecH W 2 C c 
WC tojiwhhoh 32 mkm. MHKpoTBepaocTb noKpbrraa - 2800 icf/MM 2 . 



IIpHMep 5. 

06pa 3 eu hs HHcrpyMeHraJibHOH crajra 3X2B80 c HaHeceHHWM Ha nero cjioe M 

10 HHKWW TOJ11UHHOH 5 MKM SJieKTpOXHMHHeCKHM CnOC06oM BblflepJKHBaeTCH B 

peaKOTOHHOH KaMepe npn teMneparype 600«C b cpeae reKca^ropHfla BOJUxppaMa 
(WF 6 ) h Boflopoaa (H 2 ) n P H hx cooTHomeHHH 0,08 b TeneHHe 2 mhh h sareM b 
cpeae WF 6> H 2 h nponaHa (C 3 H 8 ) h P h cooTHomeHHH WF 6 k H 2 paBHOM 0,08 h 
cooTHomemiH C 3 H 8 k H 2 paBHOM 0,80 b renege 30 mhh npn npeABapnrejibHOH 
15 xepMoaKTHBauHH C 3 H 8 npn 700oC h aaBJiennH peaKUHOHHoii CMecH 8,8 K na. 
Xhmhmcckhh noKpbmw noKasaa coaepacaHHe cpTopa 5 -10 2 Bee. %. 

B pesy.nbTaxe ao^ynaeM KOHcrpyKUHOHHbiH MarepHsui, hmckjiuhh ocHOBy hs Mean 
h KOMnosHTHoe noKpbrrHe, cocroaiu.ee H3 BHVTpeHHero cjioh BCWibcppaMa (W) 

TOJIIHHHOH 1,3 MKM H HapyHCHOrO OlOA H3 W 2 C TOJI1UHHOH 9,1 MKM. 
20 MHKpOTBepZIOCTb nOKpWTHH - 2800 kT/ mm 2 . 

IIpHMep 6. 

06pa3eu hs HHCTpyMeHTaJibHOH ctsuih P 18 c HaHeceHHWM Ha Hero cjioeM HHKejw 

TOJHUHHOH 5 MKM SJieKTpOXHMHMeCKHM CnOC06oM BbWepjKHBaCTCH B peaKHHOHHOH 

25 KaMepe npn teMneparype 550oC b cpeae reKcacpropnaa BOJibcppaMa (WF fi ) h 
Boaopoaa (H 2 ) npn hx coorHonieHHH 0,057 b reneHHe 5 mhh h sareM b cpeae 
WF 6 , Hj h nponaHa (CjH,) npn cooraonienHH WF 6 k H* paBHOM 0,057 h 
cooTHomeHHH C 3 H 8 k H 2 paBHOM 0,67 b renege 70 mhh npn npeABaparejibHOH 
repMoaKTHBauHH C 3 H 8 npn 640oC h aaBJieHHH peaKHHOHHOH CMecH 5,2 Klla. 

30 B pesyjibTaTe nojiynaeM KOHCTpyKUHOHHbiH MaTepnan, hmckhhhh ocHOBy H3 
cTanH P 18 c npoMeacyroHHbiM cjioeM HincejiH 5 mkm h KOMno3HTHoe noKpWTHe, 
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cocToamee H3 BHyrpeHHero cjioh BOJib<ppaMa (W) tojhuhhoh 3 mkm h HapyacHoro 

OIOH H3 CMeCH W 2 C H W 3 C TOfllHHHOH 25 MKM. MHKpOTBepflOCTb IIOKpWTHH - 

2950 kI"/mm 2 . 
5 IIpHMep 7. 

Oopaaeu H3 HHcrpyMeHTMbHoii cxajiH X1201 c HaHeceHHMM Ha Hero aioeM 

HHKeJlfl TOJHHHHOH 7 MKM SJieKTpoXHMHHeCKHM CHOCo6oM BblflepXtHBaeTCS B 

peaKUHOHHOH KaMepe npn xeMnepaiype 540*C b cpefle reKcacpxopHfla soflbcppaMa 
(WF 6 ) h Boaopofla <H 2 ) n P H hx cooTHomeHHH 0,053 b TeneHHe 2 mhh h saxeM 

10 b cpefle WF 6 , H 2 h nponaaa (C 3 H 8 ) npn coorHoinemiH WF 6 k H 2 paBHOM 0,053 
h cooraouieHUH C 3 H 8 k H 2 pa B HOM 0,63 b xeneHHe 40 mhh h P h npeaBapirrejibHOH 
repMoaKTHBaiHiH C 3 H 8 np H 635oC n a^Jienmi peaKUHOHHOH cMecH 28 K na. 
B peayjibTaTe nojryMaeM KOHCTpyKUHOHHWH MaxepnaJi, HMeiomHH ocHOBy hs 
ctxih X1201 h KOMnosHTHoe noKpbirae, cocToamee H3 BHVTpeHHero cioh 

15 scibcppaMa (W) to.iihhhoh 1 ,0 mkm h HapyjKHoro c.toa hs W,C tojihihhoh 18 

MKM. MHKpOTBepflOCTb IIOKphlTHH - 3120 kI"/MM . 

IIpHMep 8. 

06paaeH hs hh cTpy MeHTaJibHoii ctjuih P6M5 c HaHeceHHbiM Ha Hero 

20 SJieKTpOXHMHHeCKHM CHOCOOOM CJIOeM HHKC1H TOJHHHHOH 5 MKM BblflepJKHBaeTCH 

b peaKUHOHHOH KaMepe npn TeMnepaType 520»C b cpefle reKcatpTopma 
Bo.<ib(ppaMa (WF 6 ) h BOflopofla (H 2 ) npH hx cooTHomeHHH 0,045 b TeneHHe 5 
mhh h 3 aTeM b cpeae WF 6 , H 2 h nponaHa (C 3 H 8 ) npn cooTHOiueHHH WF 6 k H 2 
paBHOM 0,045 h cooTHomeHHH C 3 H 8 K H 2 paBHOM 0,60 b TeneHHe 180 mhh npn 
25 npeflBapHTeJibHofi TepMoaKTHBaimn C 3 H 8 npn 610°C h flaBJieHHH peaKHHOHHoft 
CMecH 42 Klla. 

B pe3yjn>TaTe nojiynaeM KOHCTpyKiuioHHbiH MarepHaji, hmckhhhh ocHOBy H3 
era.™ P6M5 c npoMe«yTOMHWM cjioeM HHKejw 5 mkm h KOMno3HTHoe noKphrrae, 
cocroHiuee H3 BHyTpeHHero cjioh BOJibcppaMa (W) tojiihhhoh 3 mkm h HapyacHoro 

30 CJIOH H3 CMeCH W 3 C H W 12 C TOJHHHHOH 100 MKM. MHKpOTBepflOCTb HOKpblTHH - 

3400 kT/ mm 2 . 
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IIpHMep 9. 

06pa3eu H3 HHCTpyMeinaJibHoii cxa*H 3X2B80 c HaneceHHbiM Ha aero 

3JieKTpOXHMHHeCKHM CnOC06oM CJIOeM HHKCT3 TOJIIUHHOH 5 MKM BbWpKHBaeXCH 

b peaKimoHHOH KaMepe npn xewnepaxype 520oC b cpeae reKca^xopnaa 
5 BO^pawa (WF 6 ) h Boaopofla (H,) n P H hx cooxHOineHHH 0,044 b xeneHHe 2 
mhh h aaxeM b cpe fl e WF 6 , H 2 h nponana (C 3 H 8 ) n P H cooxnoineHHH WF 6 k H 2 
paBHOM 0,044 h cooTHonieHHH C 3 H 8 k H 2 paBHOM 0,4 b xenenne 160 mhh h P h 
npeflBapHreJibHOH xepMoaKXHBauHH C 3 H 8 n P H 600oC h flaBJ ieHHH peaKUHOHHoft 
CMecH 28 Klla. 

10 B peay^raxe no^ynaeM KOHcrpyKUHOHHbiH Maxepna*, HMeiomHH ocHOBy H3 
cxa^H 3X2B8d> c npoMeacyxoHHWM oioeM hhkcjih xojiiuhhoh 5 mkm h 
KOMno3HXHoe noKpbrnie , cocxonmee H3 BHyxpeHHero c.™* BOJibcppawa (W) 

TOJIHIHHOH 1 MKM H HapyKHOXO OIO* H3 W 12 C XOJIIHHHOH 78 MKM. 

MHKpoxBepflocxb noKpwxHH - 3500 kI*/mm 2 . 



15 



npHMep 10. 

06pa 3 eu H3 HepacaBeiomeii cxjuih 2X13 c naneceHHbiM Ha Hero 
SJieKXpOXHMHMeCKHM CnOC06oM CJIOeM HHKe/W XOJIWHHOH 10 MKM BbuepjKHBaexca 

B peaKUHOHHoii KaMepe npn xeMnepaxype 520oC b cpeae reKca<pxo P Hfla 
20 BOJibcppaMa (WF 6 ) h soflopoaa (H 2 ) npn hx cooxhouichhh 0,070 b xeneHHe 4 
mhh h aaxeM b cpeae WF 6> H 2 h nponana (C 3 H 8 ) npn cooxHomeHHH WF 6 k H 2 
paBHOM 0,070 h cooxnoineHHH C 3 H 8 k H 2 paBHOM 0,20 b xeneHHe 60 mhh npn 
npeflBapHxejibHOH xepMoaKXHBanun C 3 H 8 npH 650oC h flaBJieram peaicuHOHHOH 
CMecH 8,8 Klla. 

25 B pesyjibxaxe nojiynaeM KOHCxpyKUHOHHbiH Maxepnaji, HMeiomHH ocHOBy H3 
cxsuih 2X13 h KOMnosHXHoe noKpwxHe, cocxoam.ee H3 BHyxpeHHero cnoa 
BOflbcppaMa (W) xo.huhhoh 3,8 mkm h HapyacHoro cjioh hs cmcch W 12 C h W 
xojhhhhoh 20 mkm. MHKpoxBepflocxb noKphnna - 2150 kIV'mm 2 . 

30 IIpHMep It. 
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06pa3eu H3 cnjiaBa "MOHejib" BbwepxcHBaeTca b peaKUHOHHOH KaMepe npH 
TeMneparype 580oC b cpeae reKca<pTopHfla BOJibcppaMa (WFg) h Bo/wpo/ia (H 2 ) 
npH hx cooTHOiueHHH 0,085 b TeneHHe 3 mhh h 3aTeM b cpeae WF 6 , H, h 
nponaHa (C 3 H 8 ) npn cooTHOiueHHH WF S k H 2 paBHOM 0,085 h cooTHonieHHH 
5 C 3 H„ k -Hi paBHOM 0,80 b TeneHHe 60 mhh npn npe/raapirreJibHOH 
TepMoaKTHBauHH C 3 H 8 npH 680<>C h aaBJieHHH peaKUHOHHOH CMecH 8,8 Klla. 
B peay.ibTaTe nonynaeM KOHcrpyKUHOHHWH MarepHaji, HMeiomHH ocHOBy h 3 
cn-iaBa "MOHCib" h KOMnosHTHoe noKpurHe, cocroamee H3 BHyTpeHHero cjioa 
BO^bcppaMa (W) tothuhhoh 3,5 mkm h HapyacHoro CJlOfl H3 CMeCH W 2 C H W 

10 TOJIIHHHOH 35 MKM. MHKpOTBepflOCTb nOKpblTHa - 1740 Kr/MM 2 . 

ripHMep 12. 

06pa3eu H3 HHBapHoro omasa K6H38<D BbiflepacHBaerca B peaKUHOHHOH KaMepe 
npa TeMnepatype 590»C b cpeae reKcacpropiwa BOjnxppaMa (WF 6 ) h Boaopoaa 

15 (H,) npH hx cooTHOiueHHH 0,063 b TeneHHe 3 mhh h saTeM b cpeae WF 6 , H 2 h 
nponaHa (C 3 H 8 ) npn cooTHOiueHHH WF 6 k paBHOM 0,063 h cooraouieHHH 
C 3 H 8 k H 2 paBHOM 0,63 b Teneiuie 40 mhh npH npeflBapHTejibHoii 
TepMoaKTHBauHH C 3 H 8 npn 630»C h aaBiieHHH peaKUHOHHOH CMecH 8,8 idla. 
B pe3y^bTaTe nojiynaeM KOHCTpyKUHOHHbiH MaTepnaji, HMeioiuHH ocHOBy H3 

20 cn-iaBa K6H380 h KOMnosimioe noRpwrae, cocroamee H3 BHyrpeHHero caoa 
BOJibcppaMa (W) tojiiuhhoh 3 mkm h HapyacHoro CJIOH H3 CMeCH W 3 C H W 
TOJIIUHHOH 19 MKM. MHKpOTBepflOCTb nOKpblTHH - 1690 Kr/MM J . 

IIpHMep 13. 

06pa3eu H3 cneKa HaTypanbHbix a;ma30B BbuepacHBaeTca b peaKUHOHHOH 
25 KaMepe npH reMneparype 520°C b cpeae reKcacpTopaaa BOJ»<ppaMa (WF 6 ) H 
Bo/iopozia (H 2 ) npn hx coothoihchhh 0,048 b TeieHHe 1 mhh h aaTeM b cpeae 
WF (i , Hj h nponaHa (CjH,) npn cooraonieHHH WF a k H a paBHOM 0,048 h 
cooTHOiueHHH C 3 H 8 k H 2 paBHOM 0,65 b TeneHHe 48 mhh npn npeflBapHTeJibHoii 
TepMoaKTHBauHH C 3 H„ npH 700«C h flaBJieHHH peaKUHOHHOH cmcch 42 vJlu. 
30 B pe3y;ibTaTe nonyMaeM KOHCTpyKUHOHHbiii MaTepHmi, HMeiofflHH ocHOBy H3 
cnena HaTypajibHbix anMa30B h KOMno3HTHoe noKpwrae, cocroamee H3 
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BHyrpeHHero oio« BOJib<ppaMa (W) tojhuhhoh 0,8 mkm h Hapyaawro cjioh H3 

CMeCH W 2 C H^C TOJIIUHHOH 12 MKM. MHKpOTBepflOCTb noKpbrraH - 3220 
Kf/MM 2 . 



5 npHMep 14. 

06pa3eu H3 HHxpoMa BbmepacHBaerca b peaKUHOHHoii KaMepe npn reMneparype 
560cC b cpeae reKcacpropHna BoabcppaMa (WF 6 ) h Boaopoaa (H^) npa hx 
cooTHOiueHHH 0,070 b xeneHHe 8 mhh h 3axeM b cpefle WF 6 , H, h nponana 
(C 3 H 8 ) npa cooTHomeHHH WF 6 k H 2 paBHOM 0,070 h cooTHOiueHHH C^H, k H 2 
10 pasHOM 0,2 B TeneHHe 40 mhh npn npeABapnrejibHOH TepMoaKTHBauHH C 3 H 8 npH 
650°C h iiaBjieHHH peaKUHOHHoii cMecn 5,2 Klla. 

B pesy-ibTaxe no^rynaeM kohctpvkuhohhhh Marepna,-!, HMeromnii ochobv H3 
HHxpoMa h KOMnosHTHoe noKpbmie , cocroamee H3 BHyrpeHHero cao* BOJibcppawa 

(W) TO.llUHHOH 7 MKM H HapVJKHOrO CJIOH H3 CMeCH W H C TOJIIUHHOH 41 MKM. 

15 MHKpoTBepaocTb noKpbmw - 1210 Kr /mm . 
IIpHMepbi Ha MepeayromHeca cjioh 

» 

npHMep 15. 

20 06pa3eu H3 TBepaoro cmiaBa BK 6 BbwepacHBaerca b peaKUHOHHoii KaMepe n P H 
TeMnepa-n'pe 620-C: a) b cpeae reKcacpTopiwa BOJibcppaMa (WF 6 ) h Boappoaa 
(H 2 ) n P H hx cooTHOiueHHH 0,08 b TeMeHHe 2 mhh h 6) b cpeae WF 6 , H 2 h C 3 H 8 

H P H COOTHOUieHHH WF 6 K H, paBHOM 0,08 H COOTHOUieHHH C p, K H^paBHOM 1,5 

b TeneHHe 16 mhh npH npefiBapnrejibHOH TepMoaKTHBauHH C 3 H 8 n P H 750oC h 
25 flaweHHH peaKUHOHHOH CMecn 5,2 K na. OnepauHH "a" h "6" noBTop*iOTc* 
noc.-.eaoBare.ibHO 4 pasa. CoaepacaHHe cpropa B mhotocjiohhom noKpbiTHH 9-10 
Bee. %. 

B pesy^bTaTe noJiynaeM KOHcrpyKiiHOHHwii MaTepnaji, HMeioiuHH ochobv hs 
TBep^oro cnaaBa BK 6 h KOMnosHUHOHHbiM noKpuraeM H3 4 HepeflyroiUHXca 

30 OlOeB W TO.UHHHOH 3,0 MKM H WC TOJHUHHOH 7 ,0 H P H COOTHOUieHHH HX TOJUUHH 
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1:2,3 h o6mefi TOJUUHHoii KOMnosHUHOHHoro noKpbira* 40 mkm. Cpe/ma* 

MHKpOTBepAOCTb nOKpblTH* - 1320 kIVmm 2 . 

IIpHMep 16. 

5 06pa 3 eu H3 TBepfloro omasa BK 10 BbuepacHBaexc* B peaKUHOHHoS KaMepe n P H 
xeMnepaxype 650oC: a) B cpeae reKca^piwa BOJibcppaMa (WF 6 ) H BOflopoaa 
(H 2 ) n P H hx cooTHOBieHHH 0,08 b renege 1 mhh h 6) b cpene WF 6 , H 2 h C3H 8 

nP H COOTHOUieHHH WF 6 K H 2 paBHOM 0,08 H COOXHOUieHHH QH, K H paBHOM 

0,95 b xeneHHe 80 mhh npn npeflBapHxejibHoii xepMoaKXHBainra C 3 H 8 npn 730»C 
10 .'w«n peaKUHOHHoii cMec« 8,8 Klla. OnepauHH "a" h "6" nonopnma 
nocJieaoBaxe/ibHO 4 pa3a. 

B peay^xaxe no^ynaeM KOHcxpyKHHOHHWH MaxepHaji, HMeiomHH ocnoBy H3 
TBepaoro cnaaBa BK 10 h KOMnoaHHHOHHbiM noicpbixneM H3 4 HepeayioiuHXca 

cnoeB W XCWHUHHOH 0,7 MKM H CMeCH WC C W 2 C T0.1IOHHOH 32 npH 

15 cooxHOHiemm hx to.tiuhh 1:45,7 h oftwft Taimnoft KOMnosmiHOHHoro 
noKpwxHH 130,8 mkm. CpeflHHH MHKpoxBepflocxb iiok P wxh3 - 2200 Kr/MM 2 . 

IIpHMep 17. 

06pa3ea H3 HHexpyMeHxaabHoft cxa*H (3X2B80) c HaHeceHHbM na Hero cjioeM 

20 HHKeJW 5 MKM 3J ieKXpOXHMHMeCKHM MeXOJOM BblflepjKHBaeXCH B peaKUHOHHOH 

KaMepe npH xeMnepaxype 6OO0C: a) B cpeae reKcacpxopufla so^paMa (WF 6 ) 
h Boaopofla (H 2 ) npn hx cooxHomeroiH 0,080 b xeieHHe 2 mhh h 6) b cpeae 
WF 6 , H 2 h QHg npn cooxHomeHHH WF 6 k H, paBHOM 0,080 h cooxHoiueHHH 
C 3 H S K H 2 paBHOM 0,7 b xeneHHe 25 mhh npH npeaBapHxejibHOH xepMoaKXHBauHH 
25 C 3 H„ npn 700oC h aaB^eHHH peaKUHOHHOH cMecn 8,8 Kna. Onepamra "a" h "6" 
noBxopaioxcfl nocJieflOBaxe^bHO 5 pa3. 

B peayjibxaxe no^ynaeM KOHcxpyKHHOHHbiH Maxepna*, HMerofflHii ochobv hs 
cranH (3X2B80) h KOMnosHHHOHHoe noKpbiXHe hs 5 HepeayiomHxcH cjioeB W 

H W 2 C XOJHHHHOH 1,5 H 7,5 MKM COOXBeXCXBeHHO H P H COOXHOHieHHH HX XOJHHHH 

30 1:5 h o6meft xojiiuhhoh KOMno3HUHOHHoro noKpwxHH 45 mkm. CpeflHHH 

MHKpOXBepflOCXb nOKpMXHH - 2340 KlV MM 2 . 
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1:2,3 h o6me{i xojuuhhoh komhoshhhohhoi-o noKpwxHH 40 mkm. Cpe/ma* 
MHKpOTBepflOCTb nOKpblXHfl - 1320 kIYmm 2 . 

IIpHMep 16. 

5 oepaaeu H3 TBepaoro ciuiaBa BK 10 BHflepaeHBaerca b peaKimoHHOH KaMepe n P H 
xeMnepaType 650oC: a) b cpefle reKcacpxopima B o;ibcppaMa (WF 6 ) h Boaopoaa 
(H 2 ) npn hx cooTHOiueHHH 0,08 b xeneHHe 1mhhh6) b cpeae WF 6 , H 2 h C 3 H 8 
n P H cooTHOiueHHH WF 6 k H 2 paBHOM 0,08 h cooTHOiueHHH QHk^ paBHOM 
0,95 b xenemie 80 mhh n P H npeflBapnxejibHOH xepMoaKXHBauHH C 3 H 8 npn 730»C 

10 h weHHH peaKUHOHHO* cMecH 8,8 KHa. OnepauHH "a" > "6" noBXdpjnoxcH 
nocJieaoBaTeJibHO 4 pa3a. 

B peay^ibTaxe nojrynaeM KOHcxpyKUHOHHbiH Maxepnaji, HMenmHfi ocHosy H3 
TBepaoro cnaaBa BK 10 h KOMnosHHHOHHbiM noKpbixaeM H3 4' Hepwyramccca 
cjioea W xo;imhhoh 0,7 mkm h CMecH WC c W 2 C xa-iimmoH 32 n P H 

15 coOTHOmeHHH HX X0.1BIHH 1:45,7 H 06uieii XO.IUIHHOH KOMn0 3 «UHOHHOrO 
HOKpblXHH 130,8 MKM. CpeflHHfl MHKpOXBepflOCXb nOKpblXHfl - 2200 K r/MM 2 . 

IIpHMep 17. 

06pa3eu H3 HHCxpyMeHxajibHoft cxajiH (3X2B8d» c HaneceHHbiM na nero aioeM 

20 HHKeJW 5 MKM SJieKXpOXHMHHeCKHM MeXOflOM BblflepJKHBaeXCH B peaKHHOHHOH 

KaMepe npn xeMnepaxype 6OO0C: a) b cpeae reKcacpxopHfla BOJib<ppaMa (WF 6 ) 
H Boaopofla (H 2 ) npn hx cooxhouichhh 0,080 b xeHeroie 2 mhh h 6) b cpeae 
WF 61 H 2 h QHg npn cooxHomeHHH WF 6 k H, paBHOM 0,080 h cooxhoiuchkh 
C 3 H 8 k H 2 paBHOM 0,7 b xeneHHe 25 mhh npn npeflBapHxejibHofi xepMoaKXHBauHH 
25 C 3 H 8 npn 700oC h flaaneHHH peaKimoHHOH cMecn 8,8 Kna. OnepaaHH "a" h "6" 
noBXOpHioxcH nocJieaoBaxejibHo 5 pa3. 

B pesyjibxaxe nojiyHaeM kohc^vkuhohhmh Maxepnaji, hmciowhh ochobv hs 
cklih (3X2B80) h komhoshuhohhoc noKpbirae hs 5 HepeflyromnxcH cjioeB W 

H W 2 C XOJHHHHOH 1,5 H 7,5 MKM COOTBeXCXBeHHO H P H COOXHOHieHHH HX XOJIIHHH 

30 1:5 h o6weH xojuuhhoh KOMno3HUHOHHoro noKpwxHH 45 mkm. CpeflHHH 

MHKpOXBepflOCXb nOKpblXHH - 2340 Kr/MM 2 . 
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IIpHMep 18. 

06pa3eu H3 HHBapHoro ciuiaBa K6H38Q BbuepacHBaerca b peaimHOHHOH KaMepe 
npa TeMnepaType 580°C: a) b cpeue reKcacpTopHfla BOJHrfppaMa (WF 6 ) h 
Boaopoaa (H 2 ) npa hx coothouichhh 0,060 b TeneHHe 5mhhh6)b cpeue WF 6 , 
5 H 2 h C 3 H 8 npH cooTHOiueHHH WF 6 k H 2 paBHOM 0,06 h cooTHOUieHHH CaH 8 k H , 
paBHOM 0,70 b TeneHne 40 mhh npH npeuBapHTe.nbHOH TepMoaicraBauHH C 3 H 8 npH 
650»C h aaBJieHHH peaKUHOHHOH CMecn 8,8 K IIa. OnepauHH "a" h "6" 
noBTopaiOTCfl nocJie/ioBaTejibHO 12 pa3. 

B peayjibTaTe nojiynaeM KOHcrpyKUHOHHWfl tenepwui, hmcioiuhh ocHOBy H3 
10 ciuiaBa K6H380 a KOMnosHUHOHHoe noRpwrae hs 12 nepeayioiUHXca cjioeB W 

TOJIIUHHOH 3,0 MKM H CM6CH WjC C W 3 C TOJIIUHHOH 15,1 MKM n P H COOTHOIUeHHH 
HX TOJUUHH 1:5 H 06lUeH TOJIIUHHOH KOMn03HUHOHHOTC) UOKpHTHJI 217 MKM. 

CpeflHan MHKpoTBepflocrb noKpwTOfl - 2150 kT/hw. 



15 ripHMep 19. 

06pa 3 eu H3 HHCTpyMCHTajibHoii crrajiH X1201 c HaHeceHHbiM cjioeM HHKejm 
TonmHHoii 7 mkm aaeKTpoxHMiraecKHM MeroflOM BbwepacHBaerca b peaKUHOHHOH 
KaMepe npH TeMnepaType 540«C: a) b cpeae reKcacpTopnua BOJibtppaMa (WF 6 ) 
h BOflopozta (H 2 ) npH hx coothohichhh 0,053 b TeneHHe 3 mhh h 6) b cpeae 

20 WF (i , H 2 h CjKg npn cooTHOiueHHH k H 2 paBHOM 0,053 h cooTHonieHHH 
C 3 H„ k H 4 paBHOM 0,62 b TeneHHe 27 mhh npH npeaBapHTejibHOH 
TepMoaKTHBauHH C 3 H 8 npn 635°C h uaBJieHHH peaKUHOHHOH CMecn 28 Kna. 
OnepauHH "a" h "6" noBTopjuoTca nocjieflOBaTe^bHo 5 pa3. 
B peayjibTaTe nojiynaeM KOHcrpyKiiHOHHWH MaTepnaji, hmcioiuhh ocHOBy H3 

25 HHCTpyMeHTajn>HOH cTajiH X1201 h KOMnoanuHOHHoe noRpbrrae H3 5 
nepeayioiHHXCH cjioeB W h W 3 C tojuuhhoh 5 h 12 mkm cooTBeTcraeHHO npn 

COOTHOIUeHHH HX TOJUUHH 1:264 H o6ffleH TOJIIUHHOH KOMHOSHUHOHHOrO nOKpbTTHH 
85 MKM. CpeUHflfl MHKpOTBepflOCTb nOKpWTHfl - 2250 Kf/MM 2 . 



30 IIpHMep 20. 
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06pa3eu H3 yniepoAHCTOH ctiuih 45 c HaHeceHHWM Ha Hero 3JieKTpoxHMHHecKHM 
cnoco6oM anoeM mwejin tojiiuhhoh 6 mkm BbiuepacHBaercfl b peaKUHOHHoii 
KaMepe n P H TeMneparype 540oC: a) b cpeue reKcacpropima BO^xppaMa (WF 6 ) 
h Boaopoaa (H 2 ) npn hx coothouichhh 0,047 b TeneHHe 9 mhh h 6) b cpeue 

5 WF 6 , HjH^H n P H COOTHOUieHHH WjJ K H 2 paBHOM 0,047 H COOTHOUieHHH 

C 3 H 8 k H 2 paBHOM 0,55 b Tenorae 150 mhh npn npeuBapirrejibHOH 
repMoaKTHsaHHH C 3 H 8 npn 630»C h uaBJieHHH peaKUHOHHoii cMecn 5,2 Klla. 
OnepauHH "a" h "6" noBTOpaiOTCH noaieuoBaTejibHO 7 pa3. 
B pesy.ibTaTe nojiynaeM KOHcrpyKUHOHHbiH Marepiiaji, HMerouwH ocHOBy hs 

10 CTJUIH 45 C npOMejKyTOHHWM CTOeM HHKeJIH TOJHUHHOH 6 MKM H K0MHO3HUH0HHOe 

noKpbrnie H3 7 Hepeflyromnxca aioe* W h cmcch W 3 C c W t2 C tojuuhhoh 4 h 44 

MKM COOTSeTCTBeHHO n P H COOTHOUieHHH HX TO.TIUHH 1:11 H OOIUeii TOJUUHHOH 
KOMnOSHUHOHHOrO nOKpblTHH 396 MKM. CpeflHHH MHKpOTBepflOCTb nOKpblTHH - 

2900 kIYmm 2 . 

15 

IIpHMep 21. 

06paaeu H3 HHCTpyMeHTajn>Hoit ctjuih P6M5 c HaHeceHHMM Ha Hero 
MarHETpoHHbiM pacHWJieHHeM aioeM HHKeJiH tojiiuhhoh 3 mkm Bbwep»HBaeTca 
b peaKUHOHHofi KaMepe npH TeMnepaxype 520°C: a) b cpeae reKca<pTopHfla 

20 BOJib<ppa M a (WF 6 ) a Bouopoaa (H,) npn hx cooTHOineHHH 0,050 b TeneHHe 8 
mhh h 6) b cpeae WF 6 , H 2 h C 3 H 8 npn COOTHOUieHHH WF 6 k H 2 paBHOM 0,043 
h cooTHouieHHH C 3 H 8 k H 2 paBHOM 0,35 B TeneHHe 11 mhh npn npeflBapHTejibHoii 
TepMoaKTHBauHH CaHg npn 650<>C h aaBJiemiH peaKUHOHHoii CMecn 8,8 Kna. 
OnepauHH "a" h "6" noBTOpaioTCH nocjieaoBaTejibHo 11 pa3. 

25 B pe 3 y.ibTaTe nojiynaeM KOHcrpyKUHOHHWH MaTepnaJi, HMeioiUHH ocHOBy H3 
craflH P6M5 c npoMeacyTOHHWM cjioeM hhkcjih tojiiuhhoh 8 mkm h 

KOMHOSHUHOHHOe HOKpblTHe H3 11 HepeflyKHUHXCH CJIOeB W H W |2 C TOJIIUHHOH 

5 H 5 mkm cooTBeTCTBeHHo, npH cooTHouieHHH hx tojiiuhh 1:1 H o6meH 

TOJIIUHHOH KOMn03HUHOHHOrO nOKpblTHH 1 10 MKM. CpeflHHH MHKpOTBepflOCTb 

30 noKpbiTHH - 2550 kIVmm 2 . 
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IIpHMep 22. 

06paaeu H3 nrraHOBoro cnaaBa BT 1 c HaHeceHHWM Ha Hero MaraeTpoHHbiM 
MeroflOM cjioeM HHKeJia tojhhhhoh 1 mkm BbwepacHBaercH b peaKHHOHHOH KaMepe 
npH TomepaType 6OO0C: a) B cpe/te reKcaepTopima BOJitcppaMa (WF S ) h 
5 BOflopoaa (Hj) npa hx cooTHomeHHH 0,045 b TeneHHe 4 mhh h 6) b cpeae WF 6 , 
H 2 h CaHg npH cooTHomeHHH WF 6 k H 2 paBHOM 0,045 h cooTHonieiniH C^Hg k 
H 2 paBHOM 0,65 b TeneHHe 60 mhh npa npe;iBapHTejn>HOH TepMoaKTHBamiH C^i s 
npH 600«C h flaB-aeHHH peaKHHOHHOH cMecn 42 Klla. OnepauHH "a" h "6" 
noBTOpaierrcfl nocaeflOBaTcnbHO 15 pa3. 
10 B peayjibTaTe noJiyiaeM KOHCTpyKHHOHHMH MaTepnaJi, HMeroimui ocHOBy H3 
cnJiaBa BT 1 h KOMnosHOTOHHoe noKpurae H3 15 HepeayiomHXCH C JioeB W h 
CMecn W 2 C c W 12 C tojhhhhoh 5,2 h 20 mkm cootbctctbchho , npn cooTHonieHHH 
hx TOJimHH 1:3,8 h o6meH tojhhhhoh KOMnoanimoHHoro noicpMTHH 378 mkm. 
CpeflHHH MHKpoTBepflocTb noKpMTHH - 2220 kT/mm 2 . 

15 • 

IIpHMep 23. 

06pa3eU H3 HHTpHflOKpeMHHeBOH KepaMHKH BbWepKHBaeTCfl B peaKHHOHHOH 

KaMepe npH teMnepaiype 510oC: a) b cpefle reKcaiptopiwa BOJibcppaMa (WF 6 ) 
h Boaopoaa (H 2 ) npn hx cooraonieHHH 0,045 b TeneHHe 1 mhh h 6) b cpeae 

20 WF 6 , H 2 h np« coothohichkh k H 2 paBHOM 0,045 h cooraonieHHH 
C,H a k H 2 paBHOM 0,35 b TeneHHe 50 mhh npa npeflBapHTejihHoii 
xepMoaKTHBaiWH C 3 H 8 npn 520»C h aaBJieHHH peaKHHOHHOH CMecn 42 Klla. 
OnepauHH "a" h "6" noBTopaiOTCH nocjieaoBaTejibHo 12 pa3. XrotHHecKHH aHajnra 
noKpwTHH noKa3aji coaepacaHHe (pTopa 3,0 -10 1 Bee. % 

25 B pe3y>ibTaTe nojrynaeM KOHCTpyKHHOHHbiH MaTepHaji, HMeiomHH ocHOBy H3 

HHTpHflOKpeMHHeBOH KepaMHKH H KOMnOSHHHOHHOe nOKpblTHe H3 12 

nepeayiowHxca cjioeB W h CMecn W c W 12 G tojhhhhoh 0,7 h 16 mkm 
cooTBeTCTBeHHo , npH cooTHomeHHH hx tojuuhh 1:22,8 h o6meH tojhhhhoh 

KOMn03HHHOHHOrO nOKpblTHfl 204 MKM. CpeflHHH MHKpOTBepflOCTb nOKpblTHH - 

30 2220 Kf/MM 2 . 
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IIpHMep 24. 

06pa 3 eu H3 raraHOBoro cimaBa BT 1 c HaneceHHbiM na Hero oioeM HHKejra 
tojiiuhhoh 2 mkm MaraerpoHHWM pacnbuieHHeM BbuepacHBaexca b peaKUKoraoii 
Kawepe npa xeMnepaxype 6OO0C: a) b cpeae reKca<pxo P H*a Bo^cppawa (WF 6 ) 
5 h Boaopoaa (H 2 ) n P H hx cooxHonieHHH 0,09 b renege 3 mhh h 6) b cpeae WF 9 

H 2 H C 3 H 8 npH COOXHOUieHHH WF 6 K H 2 paBHOM 0,09 H COOXHOHieHHH C3H 8 K H 2 

paBHOM 0,7 b xeneHHe 40 mhh npH npeflBapnxeJibHOH TepMoaKXHBaiWH C,K S np H 
720cC h aaBJieHHH peaKUHOHHoa cnecn 5,2 Klla, OnepanHH "a" h "6" 
noBTopHWTca nocjieaoBaTejiBHO 7 pa3. 
10 B peay^xaxe no.TVHaeM KOHCxpyKUHOHHbiii Maxepna*. HMeKHUHii ocHOBy H3 
cnjiaaa BT 1 c npoMeacyxonnbiM caoeM HHKea* xojuhhhoh 2 mkm h 
KOMnoaHUHOHHoe noKpbrrne H3 7 HepeayrcmnxcH oioeB W h CMecn W c W 2 C 

TOJIWHHOH 4,2 H 21,5 MKM COOXBCXCXBeHHO H P H COOXHOlIieHHH HX XOJIDIHH 1:5,1 
H 06ffleH XO.XIUHHOH KOMHOSHUHOHHOrO HOKpblXHH 179,9 MKM. CpeSHHH 
15 MHKpOXBepaOCXb nOKpNXHfl - 1830 kT/ MM 2 . 

IIpHMep 25. 

06pa3eu H3 HHcrpyMeHxaABHOH cxaan 3X3M30 c HaHeceHHWM Ha Hero oioew 

HHK6JIH XtWHUHHOH 6 MKM SJieKTpOXHMHHeCKHM MeXOflOM BblflepKHBaeXCH B 

20 peaKHHOHHoii KaMepe npn xeMnepaxype SOOoC: a) b cpefle reKca<pxopHfla 
BOJibcppaMa (WF 6 ) h Boaopoaa (Hj) npn hx cooraouieHHH 0,055 b xeneiuie 5 
mhh h 6) b cpeae WF 6 , H 2 h npn cooxHOHieHHH WF 6 k H 2 paBHOM 0,055 
H cooxHomeHHH C 3 H 8 k -H a paBHOM 0,65 b xeMemie 120 mhh npn 
npeABapHxeabHOH xepMoaKXHsauHH C 3 H 8 npn 560oC h aaBJieHHH peaKHHOHHOft 
25 CMecn 8,8 K na. OnepauHH "a" H "6" noBXopjnoxca nocjieaoBaxeabHO 4 pasa. 
B peayjibxaxe nojiynaeM KOHcxpyKUHOHHbia Maxepnaji, HMewmHii ocHOBy hs 
cxajiH 3X3M30 h KOMnosHiwoHHoe no K pbiXHe H3 4 MepeayioiaHXCH CJioeB W H 

CMeCH W C W 3 C TOJHUHHoii 3,8 H 44,1 MKM COOXBeXCXBeHHO, npH COOXHOUieHHH 
HX XOJIIUHH 1:11,6 H 06meH XOJIIHHHOH KOMnOSHHHOHHOrO nOKpbTTHH 191,6 MKM. 

30 CpeflHHfl MHKpoxBepflocxb noKpbixHH - 1320 kT/mm 2 . 
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npOMwnuieHHaa npHMeHHMOCTb 

HaoepexeHHe Moacer HcnoabsoBaxbca npn ynpoieHHH cxaJibHoro, 
■raepflocn^aBHoro h ajiMaanoro HHcrpyMenxa, koto P mh npimeHHexca /yw 
5 o6pa6orKH MaxepHa/ioB peaaHneM hjih whnm. Roare^ee HB^eroi HanfioJiee 
nepcneKTHBHoii o6iiacxbio npHMeneHUfl npeflJiaraeMoii xexHOJionm b. cb*>h c 
oTcyTCTBHeM KomcypHpyiOiUBX rexHOOT noKpbrraH n P H HaroxoBJieHHH 
npeccoBoro HHexpyMeHxa cjiohchoh reonexpHH npn npoHSBoacxBe npoBOJiOKH, 
Tpy6, npocpHJibHofi npoayKUHH H3 aJiioMHima, Mean, era™ n apyrax MenuuioB 
10 h ciuiasoB. YKaaaaHbie Kap6HAOBo;ib4>paMc>Bbie noKpbrnw Moacno Hanoenxb Ha 
HHcxpyMeHTbi h <po P Mb!, npwmasHaieHHbie jvm (popMOBamia hsaoihh hb 
nJiacxMacc, cHJiBKaTHbix Mace h apyrax a6pa3HBHbix CMeceii. 
flpyroft opepoii npHMeneHHa awiHerca HaneceHHe 3P o3hohhoctohkhx noKpbiTHH 
H a JionancH Typ6HH, Ha HacaAKH ycxaHOBOK am nwpoa6pa3HBHo& pe3KH, 
15 o6pa6oTKH noBepxHOCTeft, pasMWBKH nopoaw h x.a. 

H3o6pe T eHHe nepcnexxHBHO flJifl MaumHOCxpoHxeabHOH oxpacaH npn 
HsroTOBJieHHH aBTOMo6HJie 8 , ipaxTopoB, flopoacHbix MaiifflH h ap. arperaxoB, rae 
H eo6xoflHMa noBbinieHHan HSHOcocxoihcocxb xpyumxca Aexajieii. Bwcokhh 

3KOHOMHMeCKHH 3<pcpeKX MCMKHO OBCHflaXb OT HaHeCeHHH yKa3aHHbIX nOKpblTHH 

20 aa npeccoBbiii HHcrpyMeHT (mxaMnw, MaxpHHbi h x.fl.) a™ HsroxoBJieHH* 

MaiDHHOCXpOHXeJbHblX H3fle^HH. 

06uiHpHbui KJiacc HecpxeraaoBoro o<5opyAOBaHna (HaseMHbie, norpyacHbie 
Hacocbi, cpoHxaHHaa ap M axypa h ap.) Moacex 6brrb cymecxseHHo yjryweH npn 

HOMOIUH H3HOCO- H KOppOSHOHHOCXOHKHX nOKpblXHH, nOJiyHeHHblX B 

25 cooxBexcxBHH c HacxojnuHM H3o6pexeHHeM. 
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OOPMyJlA H30BPETEHHH 

1. MaTepHaji via noKpuTHfl, ycTOHHHBbK k H3HOcy, apoaim h Kopposra 
npeflCTasJUioiiHrii co6oii KapoHA wnfann, AerapoBaHHbiH (pTopoM b 
KOJinnecTBe or 0,0005 no 0,5 Bee %. 

5 

2. MaTepnaji no n. 1, npeflCTaB^nomHfi cooofl Mo H oKa P 6iw sojuxppaMa WC , 
jierapoBaHHHH (pTopoM b KOJiinecTBe ot 0,0005 ao 0,5 Bee %. 

3. MarepHaji no n. 1, npeflCTaBJiaionoiH co6oh nojiyKa P 6iw so^bcppaMa W 2 C , 
10 JierapoBaHHbiii (pTopoM b KOJiHHecTBe ot 0,0005 ao 0,5 Bee %. 

4. MaTepnaa no n. 1, npeAcraBJWiomHH coooB cy6 K ap6HA BOJiixppaMa W 3 C, 
rnpoBaHHwii (pTopoM b KOjnreecTBe ot 0,0005 flo 0,5 Bee %. 



Jiei 



15 5. MaTepnaji no n. 1, npeflCTaBJiaioiimH co6oh cy6Kap6HA BoawppaMa W 12 C , 
jierapoBaHHWH cpTopoM b KOJiHHecTBe ot 0,0005 flo 0,5 Bee %. 

6. MaTepnaji no n.1-5, oTJiBHaroinHHca tcm, <rro oh fl onojiHHTejn>HO coaepacHT 
4>Topyr^epoflHbie KOMnoaHUHH c coflepacaHHeM yrjiepoaa no 15 Bee % h cpTopa 

20 no 0,5 Bee %. 

7. MaTepnaui am noKpbmui, ycToiiHHBbix k H3Hocy, spoami h ko PP o3hh, 
npeflCTaBJWioinHH cooofl CMecb no MeHbmeii Mepe asyx Kap6iwoB BOJnxppaMa, 
jiernpoBaHHbix <pTopo M b KOJiHHecTBe ot 0,0005 no 0,5 Bee. %. h .bosmojkho, 

25 {pTopyrjiepoAHMMH KOMnoamiHHMH c coflepacanHeM yrjiepoaa ao 15 Bee. % h 
4>Topa flo 0,5 Bee. %. 

8. noKpbirae , oT/iHHaioiueeca TeM, hto oho BKJiKJMaer: 

- BHjrrpeHHHH cjioii, HaHOCHMbiik Ha no/woacKy, BbinojraeHHbiH hb BOJibcppaMa 
30 h 
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- BHeniHHH cjioh, HaHocHMHH Ha yKaaaHHbifi BHyTpemuiH cjioh h coaepacaniHH 
Kap6Hfl BOJibtppaMa b cootbctctbhh c nn.l -6. 

9. noKpurne no n. 6, OTJiHMaioineeca TeM, hto bhcuihhh cjioh fl onoJiHHTeJibHO 
5 coaepaoiT cMecb Kap6imoB BOjnxppaMa b cootbctctbhh c n. 7 

10. noKpbiTHe no nn. 8 hjih 9, oTJiHMaKHiieeca Ten, hto BHeniHHH cjioh 
AonoJiHHTejibHO coaepacHT BOJnxppaM. 

10 11- HoKpbiTHe no n. 8 hjih 9, oniramec. Te M> mto BHeniHHH cjioii 
flonoJimrreJibHO coflepacHT yrjiepoa. 

12. IIoK PM THe no Jiio6oMy H3 nymcTOB 8-11, oTjarouoineea, TeM, mto BHyrpeHHHH 
cjioh HMeeT ToaniHHy 0,5-300 mkm, HapyjKHbiii cjioh hmcct TOJimHHy 0,5 -300 

15 mkm, npii cooTHomeHHH TOJiEiHHbi BHyrpeHHero h Hapyacnoro cJioeM ot 1:1 no 
1:600. 

13. Cnoco6 nojiyHeHH* Kap6mioB BOjnxppaMa nyreM xHMHMecKoro raaotpaanoro 
oca^eHHH «a Harperoii notice c ncno^aoBaHHeM cMecH raaoB, 

20 BKJHOMaroniHH rexcatpTopHU BOjnxppaMa, Bonopoa, yraepo fl co fl epjKaiHHH raa, h, 
o6*3a T eJibHO, HHepTHbift raa, oTaHnaKHUHHca TeM, mto yrJiepoaconepaeaiiiHfi 
npeasapHTeJibHO aKTHBHpyiOT nyren narpeBa ao TennepaTypw 500-850 °C. 



He 
ra3 



14. Cnoco6 no n. 13, oTJiHMaiomHHca TeM, mto b KaMecTBe yrJiepoacoaepHcainero 
25 ra3a HcnoJib3yroT nponaH. 

15. Cnoco6 no nn. 13 - 14, OTJiHMaiomHHCfl TeM, mto npouecc Beayr npn 
flaB iieHHH 2 - 150 kIIA, TeMnepaType no/woacKH 400-900 °C, cooTHomeHHH 
yrJiepoACoaepHcaniero raaa k Boaopo/iy 0,2-1,7, cooTHonieHHH reKca<pTopiua 

30 BOJib(ppaMa k Boaopofly 0,02-0,12. 
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16. Cnoco6 no n. 15, oTJUwajouuraai tcm, hto npouecc Besyr npH cooraoineHHH 
yoepoflcoflepacamero rasa k BOAopoAy 1,0-1,5, rexcatpTopHAa BOAbcppaMa k 
BOAopoAy 0,08 - 0,10, yrJiepoflcoflepacanwH raa npeABapwreJibHO HarpeBaioT no 
TeMnepaTypw 750 - 850 °C, npH otom noJiynaiar M OHOicap6HA BOJib(|>paMa WC. 

5 

17. Cnoco6 no n. 15, oT.iHHaioiuHHCH TeM, hto npouecc BeayT npn cooraonieHHH 
yr/iepoflcoflepacamero rasa k BOAopoAy 0,75-0,90, reiccacpTopHAa Bojnxppawa x 
Bo/iopofly 0,06 - 0,08, ywepoAcoAepaeaiUHH raa npeABapirrejibHO HarpeBaioT no 
TeMnepaTypw 600 - 750 °C, npn otom noaynaiOT nojryKap6»w BOJibtppaMa W 2 C. 



10 



15 



20 



18. Cnoco6 no n. 15, oTJiHHaioinHHca TeM, hto npouecc BeayT npn cooraonieHHH 
yriiepoflcoaepacamero raaa k BOAopoAy 0,60-0,65, reiccacpTopHAa BOjnxppaMa k 
BOAopoAy 0,05 - 0,055, yrjiepoacoaepKaiUHH raa npeABapirrejibHO HarpeBaioT no 
TeMnepaTypw 560 - 720 °C, npn btom noJiynaiOT cy6Kap6aa BOJib<ppaMa W 3 C. 

19. Cnoco6 no n. 15, oraHHaroinHHca TeM, hto npouecc Beayr npn cooraoineHHH 
yrjieponcoaepKaiuero rasa k BOAopoAy 0,35-0,45, reKca^Topiua BOJiwppaMa K 
Bonopony 0,040 - 0,045, yraepoAcoAepacaiuiiH raa npeABapHTejibHo HarpeBaioT 
no TeMnepaTypw 500 - 700 °C, npn btom nojrynaioT cy6icap6HA BOjnxppaMa W |2 C. 

20. Cnoco6 no n. 15, orjiHHaiomHHCfl TeM, hto npouecc BeAyr npn cooraomeHHH 
yr^epoucoAepjKawero rasa k BOAopoAy 0,90-1,00, reiecatpTopHAa BOJiwppaMa k 
Boaopouy 0,07 - 0,09, yrjiepoflcoflep*auwH raa npeABapirreAbHo HarpeBaioT no 
TeMnepaTypw 670 - 790 °C, npn 3tom nojiynaioT cMecb Kap6nflOB WC h W 2 C. 



25 



21. Cnoco6 no n. 15, OTJiHHaromHHCH TeM, hto npouecc BenyT npn cooraomeHHH 
yrjiepoflconepacamero rasa k Bo/iopofly 0,70-0,75, reKca<pTopHfla Bo;ib<ppaMa k 
BOAopoay 0,055 - 0,060, yrjiepoAcoAepacaiuHH ra3 npeaBapHTejibHO HarpeBaioT 
AO TeMnepaTypw 580 - 730 °C, npn btom nojryHaraT CMecb Kap6HAOB W 2 C h 
30 W 3 C. 
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22. Cnoco6 no n. 15, ounnawrnHftca TeM, mto npouecc Beayr npn cooTHOiueHHH 
yrjiepoacoaepacaiuero rasa k Boaopoay 0,60-0,65, reKca<pTopnaa BOjnxppaMa x 
Boaopoay 0,045 - 0,060, yniepoacoaep*awHH raa npeaBapirreJibHo HarpeBaiOT 
ao TeMnepaTypw 570 - 700 °C, npH stom nojiynaiOT CMecb Kap6naoB W 2 C h 

5 W, 2 C. 

23. Cnoco6 no n. 15, onnHMarouumca TeM, mto npouecc BeayT npH cooraonieHHH 
yrjiepoacoaepacamero rasa k Boaopoay 0,45-0,60, reKcacpTopnaa BOjnxppaMa k 
Bonopoay 0,045 - 0,050, yrJiepoacoaepacaiuHii raa npeaBapirreJibHo HarpeBaiOT 

10 ao TeMnepaTypM 550 - 680 °C, npn stom nojiynaiOT CMecb Kap6naoB W 3 C h 
W l2 C. 

24. Cnoco6 no n. 15, oiviHHaiomHHCfl TeM, mto npouecc BeayT npn coothouichhh 
yr^epoflcoflepjKamero raaa k Boaopoay 0,65-0,70, reKcacpTopnaa BOjnxppaMa k 

15 Boaopoiry 0,045 - 0,060, yrjiepoacoaepacaiuHii ra3 npejBapHTejibHo HarpeBaiOT 
ao TeMnepaTypw 570 - 710 °C, npn stom nojiynaioT CMecb Kap6«flOB W 2 C. , W 3 C 

H W 12 C. 

25. Cnoco6 no n. 15, oTjiHMaioiUHHCH TeM, mto npouecc Beayr npn coothouichhh 
20 yr-iepoAcoAepacamero ra3a k Bo&opoay 0,70-0,90, reKcacpTopana BOJibcppaMa k 

Bonopony 0,08 - 0.09, ynnepoacoaep^aiuHH ra3 npeaBapirreJibHo HarpeBaiOT ao 
TeMnepaTypw 600 - 720 °C, npn stom nojryMaioT CMecb Kap6naa WC h 
BOJn>4>paMa. 

25 26. Cnoco6 no n. 15, orAiwaionwHcfl TeM, mto npouecc BeayT npn cooTHomenHH 
yrjiepoacoaepwamero ra3a k Boaopoay 0,70-0,90, reKca<pTopnaa BOJiwppaMa k 
Boaopoay 0,08 - 0,09, yrJiepoacoaepHcaiuHH ra3 npeaBapm-ejibHO HarpeBaiOT ao 
TeMnepaTypw 600 - 720 °C, npH stom nojryMaioT CMecb Kap6naa W 2 C h 
BOjib$paMa. 

30 27. Cnoco6 no n. 15, orAHHaiomHHca TeM, mto npouecc BeayT npH cooTHOiueHHH 
yrjiepoacoaepacamero ra3a k Boaopoay 0,60-0,65, reKcacpTopnaa BOJiwppaMa k 
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Boaopofly 0,055 - 0,070, yrJiepoflcoaepacaiiuiH ra3 npe^BapHTejttHo HarpeBaiOT 
AO TeMnepaTypw 560 - 700 °C, npH otom noJiy^aioT CMecb Kap6n/ia W 3 C h 
BO/n>(j>paMa. 

5 28. Cnoco6 no n. 15, oTjnreaiomHHCH TeM, hto npouecc nejxyr npH cooTHonieHHH 
yrjiepoACOflep^camero ra3a k Bo^opoffy 0,20-0,35, reKca^Topnaa BOJib<j>paMa k 
BO/iopo^y 0,045 - 0,070, yrJiepoflcoaepmaiuHH ra3 npejiBapHTenbHO HarpeBaK)T 
TeMnepaTypw 500 - 680 °C, npn stom noJiynaiOT CMecb Kap6ima W t2 C h 
BOJii>4>paMa. 

10 

29. Cnoco6 no n. 15, oTJimaioiiiiiHca TeM, hto npouecc Beayr npa cooTHonieHHH 
yrjiepoflcoflepacamero ra3a k Boaopoay 0,35-0,60, reKcacJreopHaa BOJib4>paMa k 
Boziopofly 0,05 - 0,07, yrJiepoAcoAepacamHa ra3 npeABapirrejibHo HarpeBaiOT no 
TeMnepaTypw 500 - 680 °C, npn stom noaynaioT CMecb Kap6aaoB W 3 C, W t2 C h 

15 BOjib4>paMa. 

30. Cnoco6 no n. 15, OTJiHHaioniHHaj TeM, hto nponecc Beayr npn cooTHonieHHH 
yrjiepoflcoflepacamero ra3a k Boaopoay 1,50-1,70, reKcacjrropima BOJu>(|)paMa k 
BOAopoAy 0,10-0,12, yrjiepoflcoflepjKauuiii ra3 npeflBapirrejibHo HarpeBaiOT no 

20 TeMnepaTypw 750 - 850 °C, npn stom nanynaiOT CMecb Kap6ima WC h yrjiepoaa. 

31. Cnoco6 HaHeceHHH Ha noAnoaocH, npeHMyinecTBeHHO Ha KOHCTpyicnHOHHwe 
MaTepHa^w h uznejmsi H3 hhx, noKpwraH, BKjnonaiomero b ce6a BHyrpeHHHii 
c-ioii BOJibcJjpaMa h bhcuihhh cjioh, co/xepacaiiWH cy6icap6HA BOJib(J)paMa W 12 C, 

25 oTJiMMaiommicH TeM, hto oh BmnonaeT b ce6a cjie^yiomHe erajiHH: 

a) noMemeHHe no/uioECKH b peaicrop XHMHHecKoro ra3o<|)a3Horo ocaacaemifl, 
6) BaKyvMnpoBarae peaKTopa , 

b) HarpeB yicaaaHHOH noflJioHCKH, 

30 r) no/iany b peaKTop reKcacJyropHAa BOJib(J>paMa h Boaopoaa, 
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a) BMflepacHBaHHe no/uioaucH b yKa3aHH0H ra30BOH cpe^e b TeneHHe BpeMeHH, 
Heo6xoAHMoro ana o6pa30BaHH* Ha no/uioacice cjio* BOJibcfcpaMa, 
e) nofla^y b peaKTop AonoJiHHTeJibHO k yxa3aHHbiM reKcacJrropHfly BOJib<l>paMa 
h Boaopoay yrJiepoflcoflepacaniero ra3a, npnneM yrJiepo/ico/iepacamHH ra3 
5 npeOTapHTejibHO TepMHHecKH aKTHBHpyiOT , 

ac) Bbiaep^cuBaHHe noflJioaocH b ra30Boil cpeae, o6pa30BaHHOH Ha craflHH e) b 
TeHerae BpeMeHH, Heo6xo/mMoro o6pa30BaHHH Ha nofljioaace BHemHero oioh, 
coaepacamero Kap6HAM BOjnxJ>paMa hjih hx cMecn Meaay co6oii, c BOJib<t>paMOM 
hjih cbo6oothm yrjiepoAOM. 

10 

32. Cnoco6 no n. 31, oTJiHHaiomHHCH TeM, mto npouecc BeayT npn aaBJieHHH b 
peaicrope 2-150 kIIA, TeMnepaiype no/uio>KKH 400-900 °C, cooTHOineHHH 
yniepoAcozxepHcamero ra3a k BOflopoay 0,2-1,7, cooTHOinemoi rexcatjyropjwa 
BOJib4>paMa k Boaopoziy 0,02-0,12. 

15 - ... 

33. Cnoco6 no n. 31, oTjnriaioiUHHca TeM, hto nepea HaHeceHHeM noicpbiTH* na 
MaTepwa-iw hjih mnejim H3 MaTepnajioB , Bbi6paHHMX H3 rpynnbi, BKjnonaiomeH 
acejie3o, yr-iepoAHCTbie CTajiH, Hep^caBeioiime craJin, nyryHbi, THTaHOBbie 
cnjiaBbi, THTaHocoflep»camHe TBepAbie cnjiaBbi, Ha hhx HaHoarr noKpbrrae H3 

20 MaTepHJUIOB, XHMHHeCKH CTOHKHX BO (J)TOpHCTOM BOflOpOfle, B HaCTHOCTH, HHKeJLH, 

Ko6ajibra, Me^H, cepe6pa, 30JioTa, iuiaTHHM, hphuhh, TamaJia, MOJiH6fleHa, hx 
cnJiaBOB, coeAHHeHHH h cMeceii nyreM ajieKTpoxHMHHecKoro hjih xHMHHecKoro 
ocaacaeniw H3 Bo^Hbix pacTBopoB, 3JieKTpojiH3a paciuiaBOB, 4>H3HHecicoro H 
XHMHHecKoro ra3ocf>a3Horo ocaameHHH. 

25 

34. Cnoco6 no n. 32, OTJiHHaiomHHca TeM, hto npouecc BeayT npn coothouichkh 
yrjiepoflcoflepacamero ra3a k Boaopo/iy 1,00-1,50, reKcacJrropHfla BOjn>4>paMa k 
Bo/jopoay 0,08-0,10, yrJiepoACOAepxcanmfi ra3 npeflBapHTejibHO HarpeBaioT no 
TeMnepaTypw 750-850 °C , npH stom nojiy^aioT BHeuiHHH cjioii, coaepacaiuHii 

30 MH0Kap6im BOJib4>paMa WC. 
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35. Cnoco6 no n. 32, oTJiHHaioiUHHca to*, hto nponecc Beayr npH cooTHomeHHH 
yr/iepoflcoiiepHcawero rasa k Boaopoay 0,75-0,90, reKca(pTopHfla BOJibcppaMa k 
Boaopofly 0,06-0,08, yrjiepoacoflepacaiuHH raa npe/reapHTejibHO HarpeBaiOT ao 
TeMnepaTypw 600-750°C , npn 3tom noJiyHaror BHeuiHHii cjioii, coflepacamiiH 

5 noJiyKap6aa BOJibcppaMa W 2 C. 

36. Cnoco6 no n. 32, oTjnwaiomHHCH TeM, mto nponecc Beayr npH cooTHoiuemm 
yMepoacoaepacamero rasa k Boaopoay 0,60-0,65, reKcacpropiMa B o;n><ppaMa k 
BOflopoay 0,050-0,055, yniepoflcoflepacawirii ra3 npeaBapHTeJibHO HarpeBaroT ao 

10 TeMnepaTypw 560-720 4 C, npH stom nojrysaioT BHeimnrii cjioh, coflepacamnn 
cy6Kap6na BOflbcppaMa W 3 C. 

37. Cnoco6 no n. 32, oTJiHMaiomHHCfl TeM, hto nponecc Be^yr npn cooTHomeHHH 
yrjiepoacoflepjKamero rasa k Boaopo/iy 0,35-0,40, reKcaepTopnzia BOJiwppaMa k 

15 BO^opoiry 0,040-0,045, yr.iepoacojiepacamHii ra3 npeaBapHTe-ibHO HarpeBaiOT ao 
TeMnepaTypw 500-700°C, npn stom nojiynaioT BHeuiHMH cjioh, coflepacawHH 
cy6icap6aa BOJibcppaMa W, 2 C. 

38. Cnoco6 no n. 32, cramaroniHHCJi TeM, hto nponecc Beayr npn cooTHOuiemtn 
20 yrjiepoACOAepacamero ra3a k Boaopoay 0,90-1 ,00, reicca(pTopHfla BOJibcppaMa k 

Boaopoay 0,07-0,09, yrjiepoflco;iep*aiuHH raa npeflBapHTejibHO HarpeBaiOT ao 
TeMnepaTypw 670-790°C, npn aroM nojrjmaioT BHennniH cjioh, coflepacanniH 
cMecb Kap6naoB WC c W 2 C. 

25 39. Cnoco6 no n. 32, oT^iwaiomHSca TeM, mto nponecc Benyr npn cooTHOiueHHH 
yrjiepoacoaepJKamero ra3a k Boaopo/ry 0,70-0,75, reKcacpTOpaaa BOjnxppaMa k 
BOflopoay 0,055-0,060, yrjiepoflcoaepacaiUHH raa iipeaBapirrejibHO HarpeBaiOT ao 
TeMnepaTypw 580-730°C, npH otom nojryiaiOT BHeimmH cjioh, coaepacainHH 
Kap6aaoB W 2 C c W 3 C. 

30 
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40. Cnocod no n. 32, OT/innaioiUHMCH TeM, hto npouecc BeayT npn cooraoiiieHHH 
yrjiepo/xcoflepscamero ra3a k BOflopoay 0,65-0,70, rexca^yropHfla BOJib(|>paMa k 
Boziopo.ay 0,045-0,060, yr^epoflcoflepHcaumH ra3 npeABapirrejibHo HarpeBaiOT ro 
TeMnepaTypw 570-7 10°C, npn stom nojiynaiOT BHeimurii cjioii, coflepacanwH 

5 CMecb xap6HAOB W 2 C, W 3 C h W 12 C. 

41. Cnoco6 no n. 32, OTJiHHaiomHiica TeM, hto npouecc BeayT npn cooTHOineHHH 
yrjiepoflco/jepacamero rasa k Boaopoay 0,60-0,65, reKca^Topmia BOJibcfcpaMa k 
BOAopo^y 0,045-0,060, yr/iepoflcoaepjKaiuHH ra3 npeflBapirrejibHO HarpeBaiOT no 

10 TeMnepaTypbi 570-700°C, npH stom noviynaiOT BHeniHHH c,ioh, coaepacamnH 
CMecb Kap6naoB W 2 C h W i2 C. 

42. Cnoco6 no n. 32, oTJinnaiomnHCH TeM, hto npouecc Beayr npn cooTHOineHHH 
yrjiepoacoaepHcaiuero ra3a k BO/iopo/iy 0,40-0,60, reiccacjyropaaa BOJib<}>paMa k 

15 Boaopo/iy 0,045-0,050, ymepoaco/iepacamHH ra3 npeaBapnrejibHO HarpeBaiOT jo 
TeMnepaTypbi 550-680°C, npn stom nojiynaiOT BHemmrii c/ioii, coAep^caimra 
CMecb Kap6woB W 3 C h W 12 C. 

43. Cnoco6 no n. 32, oTJiMHarowHiica TeM, hto npouecc BeayT npn cooTHouieHHH 
20 yniepoAco.aepjKamero ra3a k Bo/iopo/iy 0,70-0,90 f reKca<|>TopHfla BOJib<j>paMa k 

Boaopo^y 0,08-0,09, yrjiepoflco/iepacamHii ra3 npeABapirrejibHo HarpeBaiOT jxo 
TeMnepaTypw 600-720°C, npn stom noyiynaioT BHenmnn cjioii, coaepacaimrii 
CMecb Kap6iwa W 2 C c BOJib<j)paMOM. 

25 44. Cnoco6 no n. 32, oTjranaioiUHHCH TeM, hto npouecc vexyr npH cooTHouieHHH 
yrjiepoflcoaepEcamero ra3a k Boaopo/iy 0,60-0,65, reiccacfyropHfla Bojn>c|>paMa k 
Boziopoziy 0,055-0,070, yrjiepoflcoflepacaiunii ra3 npe/iBapHTejibHO HarpeBaiOT no 
TeMnepaTypw 560-700°C, npH stom nojiynaioT BHeinmiH cjioii, coaepacaiUHH 
CMecb Kap6naa W 3 C c BOJib(J)paMOM. 

30 
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45. Cnoco6 no n. 32, OTjniHaiomHHCJi TeM, hto npouecc sexy? npn cooTHoiueriHH 
ymepo^coziep:Kamero ra3a k Boziopoay 0,35-0,60, reKca4>T0pnaa BojibcJ)paMa k 
Boaopoay 0,050-0,070, yr-iepo/icoAep^caimiH ra3 npeABapHTeJibHo HarpeBaioT jxo 
TeMnepaTypw 500-690°C, np*i 3tom no.wnaioT BHeuiHHii c.ioh, coaepacaiiiHH 

5 cMecb Kap6naoB W 3 C h W 12 C c Bo;n>4>paMOM. 

46. Cnoco6 no n. 32, oTJinnaiouuiHCH TeM, hto npouecc BeayT npH cooTHomeHHH 
ynepoflconepacawero ra3a k Boziopoay 0,20-0,35, reicca4)Topiua Bo;n>4>paMa k 
BOAOpoay 0,045-0,070, yniepo;icoflep>KaiiniH ra3 npeABapirre.ibHO HarpeBaioT ao 

10 TeMnepaTypw 500-680°C, npn stom nojiynaiOT BHeiumin c.ioii, coaepacamnii 

CMeCb KUp6lUa W t2 C C BOJIb(f>paMOM. 

47. Cnoco6 no n. 32, OTjnnaiomHHCH TeM, hto npouecc Be^yT npn cooTHouieHHH 
yrjiepoacoaepacamero ra3a k BOflopoay 0,70-0,90, reKcacf>Topiua Bo;n>4>paMa k 

15 Bo/iopo^y 0,08-0,09, yr^epoflco^epacaiUHH r a3 npe;iBapHTe;ibHo HarpeBaioT jxo 
TeMnepaTypw 600-720°C, npH stom nojiynaioT BHeuiHHii ctoh, coaepacaimiH 
CMecb Kap6aaa WC c Bo;n>4>paMOM. 

48. Cnoco6 no ,no6oMy H3 nyHKTOB 31-47, oT.ranaiOHUiiicH TeM, hto noKpbiTHH 

20 HUHOCaT Ha V3„"IbI TpeHIiH. 

49. Cnoco6 no ;no6oMy H3 nymcTOB 31-47, oT-iiiHaionii'iHcn TeM, hto noKpbiTHH 
HaHocaT Ha 4)opMyioiUHH HHCTpyMeHT jijih o6pa6oTKH MaTepuaJiOB aaBjieHHeM. 

25 50 Cnoco6 no jno6oMy H3 nyHKTOB 31-47, OTJiHHaiouiiiHCH TeM, hto noKpbrnm 

HaHOCHT Ha y3-lbl MaiHHH H MexaHH3MOB, pa6oTaiOIUHX CO CyKaTblMH ra3aMH H 
/KIUKOCTHMH H.1H HHblX nHe BMOrHJpaB-lHHeCKHX CHCTeM. 

51. MaTepnaji, bk JiionaioiuHH ' 
30 - noa;iO)KKy H3 KOHCTpyKUHOHHoro MaTepnajia; 
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- HaHeceHHoe Ha yxa3aHHyio nofljioaocy noicpbirae, npHHeM noKpbrrae BK/nonaeT 

BHyTpeHHHH CJIOH, BbUIOJIHeHHblH H3 BOJIbC^paMa, H BHeiUHHH CJIOH, COflepaeanmft 

Kap6iu BO^bcJjpaMa, jierHpoBaHHbrii 4>TopoM b KOJiKHecree ot 0,0005 no 0,5 Bee. 
% h ,bo3mo>kho ( (JyropyrjiepoAHbiMH komiio3hiihhmh c coaepacamieM yrjiepoaa no 
5 15 Bee % h 4>Topa no 0,5 Bee. %. 

52. MaTepnaji no n. 51, y KOToporo Kap6im BOJib(J)paMa npeacraBJUieT co6oh 
MOHOKap6n« WC. 

10 53. MaTepHaji no n. 51, y KOToporo Kap6«m BOJib(J)paMa npeacraBJifleT co6oii 
nojiyicap6HA W 2 C. 

54. MaTepnaji no n. 51, y KOToporo Kap6*ta Bojib^paMa npe/icTaBjmeT co6oii 
cy6Kap6im W 3 C. 

15 

55. MaTepHaji no n. 51, y KOToporo Kap6im BOjib(J>paMa npeacTaBjmeT co6oii 
cy6Kap6n ) n W I2 C. 

56. MaTepnaji, BKjnonaiomHft: 

20 - no/uioaocy H3 KOHCTpyKUHOHHoro MaTepnajia, 

- HaHeceHHoe Ha yica3aHHyio mwioaacy noKpbirae, npiraeM noKpbrrae BK/uonaeT 
BHyTpeHHHH cjioh H3 BOJib(J)paMa h BHeuiHHH cjioh, coaeptfcamHH CMecb no 
MeHbiueii Mepe ziByx Kap6naoB BOJU>4>paMa, jiernpoBaHHbix <J>T0p0M b KOJiHHecrae 
ot 0,0005 no 0,5 Bee. % h, bo3mo2cho, (JrropyiviepoAHbiMH KOMno3miHHMH c 

25 coflepacaHHeM yrjiepoaa no 15 Bee. % h cjrropa no 0,5 Bee %. 

57. MaTepiiaji no n. 56, OTJurauoiimHca TeM, hto BHeiUHHH cjioii coflepaorr CMecb 
Kap6n^OB BOJibc}>paMa WC h W I2 C. 

30 58. MaTepnaji no n. 56, oTJiHHaiomHHCfl TeM, hto bhciiihhh cjioh co/iepjKHT CMecb 
Kap6imoB Bo^b(J)paMa W 3 C h W 2 C. 
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59. MaTepHan no n. 56, oMKHaioiUHHCH TeM, hto bhciuhhh cjioh co/jepaorr CMecb 
Kap6HHOB BOJib(|)paMa W 3 C h W, 2 C. 

60. MaTepnaJi no n. 56, OTJiHMaiomHHCH TeM, hto bhciuhhh cjioh cozxepacHT CMecb 
5 Kap6nnoB BOJib(J)paMa W 2 C h W l2 C. 

61. Marepnaji no n. 56, oT-ranaiomHHCH TeM, hto bhchihhh cjioh coAepacirr CMecb 
Kap6iwoB BOJibc|)paMa W 2 C, W 3 C h W, 2 C. 

10 62. MaTepnaJi no nn. 52-61, oTjranaiomHHCH TeM, hto bhcuihhh cjioh 

AOnOJIHHTeJIbHO CO>5ep>KHT B0JIb4)paM. 

63. MaTepnaJi no nn. 52-61, oTJWHaionxHHai TeM, hto BHeiuraifi anofi 
aonojunrrejibHO coaepaarr yrjiepoa. 

15 

64. MaTepnaJi no nn. 52-63, oTJiHnaiomHHCH TeM, hto BHyTpeHHHH cjioii HMeeT 
TOJimHHV 0,5-300 mkm npH cooTHomeHHH tojihwhw BHyTpeHHero h BHeuiHero 
cnoeB ot 1:1 AO 1:600. 

20 65. MaTepnan no nn. 52-64, oTJiHHaiomHHCH TeM, hto bhciiihhh c/ioii noAJioaocH 
coaepaciir cnjiaBW c coaepacaHHeM roucejiH Bbiiue 25 3T. %, HanpHMep, HHBap, 

HHXpOM, MOH3JIb. 

66. MaTepnaJi, nojiyneHHWH cnoco6oM no Jiio6oMy H3 nn. 31-47. 

25 

67. MHorocjioHHoe noKpbiTHe, BbinojraeHHoe H3 nepeflyiomHXCH cjioeB 
Bo;n>c|>paMa h cjioeB, coaep^amnx Kap6nA BOJib<|>paMa b cootbctctbhh c im. 1 - 
6,. 
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68. MHorocjioftHoe noKp&nne, BwnojmeHHoe H3 HepeayiomHXCH c^oeB 
BOjn>(|)paMa h cnoeB, coflepacaiuHii CMecb Kap6imoB Bo./u>(f>paMa b cootbctctbhh 
c n.7. 

5 69. MHorocnoiiHoe noxpbrrae no nn. 67-68, cnvmnaiomeecs TeM, hto oxaejibHbie 
ero cjioh HMeiOT To;ramHy ot 2 40 10 mkm npH cooTHonieHHH tojuuhhm 
HepeayiomHXca oioeB ot 1:1 1:5. 

70. Cnoco6 HaHeceHH* Ha ncwioaocH, npeHMymecTBeHHo Ha KOHcrpyKUHOHHbie 
10 MaTepnajiw h mjxemia H3 hhx, MHorocjioHHoro noKpbrnw b Biuxe nepeayioiuHxcfl 
cJioeB BO.n>4>paMa h caoeB, coflepncamHX Kap6na BOJib(|>paMa, hjm hx oiecH 
Meacoy co6oii, c BOJibcj)paMOM hjih cBo6oflHbiM yrjieponoM, BKinoHaiomHH b ce6a 
cneflyiomne cTa4HH: 

a) noMemeHHe ikwioeckh b peaKTop xHMircecKoro ra30(j>a3Horo ocaacaeHHH, 
15 6) BaKyyMHpoBaHne peaKTopa , 

b) HarpeB yxa3aHHOH noA/ioECKH, 

r) noaony b peaKTop rexca^Topiiaa Bo;n>4>paMa h Boziopofla, 
x) BbmepOKHBaHHe nofljioacKH b yKa3aHHoii ra30Boii cpcae b TeneHHe BpeMeHH, 
Heo6xo/iHMoro ajlh o6pa30BaHHH Ha ncvmojKice cjioh BOJib<j>paMa f 
20 e) noflany b peaKTop AonojiHirrejibHo k yKa3aHHbiM reiccacjyropitay BOjib<|>paMa 
h Boziopo^y yrjiepoflcoaepacamero ra3a, upmeyi yiviepoiico,aep>KaiuHH ra3 
npesBapHTe;n>HO TepMHMecKH aKTHBHpy iot , 

ac) Bbiaep^cHBaHHe nofljioaocH b ra30BOH cpeae, o6pa30BaHHOH Ha crajiHH e) b 
TeneHHe BpeMeHH, Heo6xo/iHMoro /uih o6pa30BaHHH Ha nojuioacKe otcoh, 
25 coaepacamero xap6Hii Bojib4)paMa hjih cmcch Kap6naoB BOJib(J>paMa Meaeay 
co6oii, c BOJib4>paMOM h yrjiepoaoM, np*reeM cTa^HH t-tk) noBTopaioT 
MHoroKparao juui o6pa30BaHHa HepeayiomHxcH CJioeB Bojibc|>paMa h cjioeB, 
co^ep»camHX Kap6imbi BOJib<J>paMa. 

30 71. Cnoco6 no n. 70, oTjmnaiomHHca TeM, mto npouecc Be^yx npH AaBJieHHH b 
peaxTope 2-150 kIIA, TeMnepaType nofljioacKH 400-900 °C, cooTHomeHHH 
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yrjiepoflcoflepacamero ra3a k Boaopoay 0,2-1,7, cooTHOineHHH reKca^TOpH^a 
BOjn>4>P aMa k BO/iopoAy 0,02-0,12. 

72. Cnoco6 no n. 70, oTJiHHaioiUHficH TeM, hto nepefl HaHeceHHeM noKpbiraa Ha 
5 MaTepHimw hjih H3flejmH H3 MaTepnajiOB, Bbi6paHHbix H3 rpynnw, BKJnonaiomeii 

KeJie30, yrJiepoflHcrae CTajiH, HepacaBeiomHe cnura, nyryHbi, THTaHOBbie 
cnjiaBbi, THTaHocoAepHcamHe TBep/ibie cnjiaBbi, Ha hhx HaHocaT noKpwnie H3 

MaTepHaJIOB, XHMHHeCKH CTOHKHX BO (j)TOpHCTOM BOAOpOAe, B MaCTHOCTH, HHKeJW, 

Ko6ajibTa, MeAH, cepe6pa, 30jioTa, imaraHW, HpH/mn, TaHTajia, MOjm6/ieHa, hx 
10 eiuiaBOB, coejtHHeHHH h CxMecefi nrreM ajieiopoxHMHHecKoro hjih XHMHMecKoro 
oca^aeHHH H3 BO/mbix pacTBopOB, 3JieKTpo;iH3a pacn;iaBOB, 4>H3HMecicoro H 
XHMHMecKoro ra30(J)a3Horo ocaacaeHHH. 

73. Cnoco6 no jno6oMy H3 nymcTOB 70-72, oTJiHHaiomHHCH TeM, hto noKpbiroe 

15 HOHOCHT Ha y3JIbI TpeHHtf. 

74. Cnoco6 no jno6oMy H3 nn. 70-72, oTJinnaioiiuiHCH TeM, hto noKpbirae 
HaHocHT Ha 4>opMyiomHH HHCTpyMeHT juisi o6pa6oTKH MeTaJIJIOB saBJiemieM. 

20 75. Cnoco6 no Jiio6oMy H3 nn. 70-72, oTJiHHaiowHHCH TeM, hto noKpbrrae 

HaHOCHT Ha y3.1bl MaiHHH H MeXaHH3MOB, pa60TaiOUlHX CO CHCaTMMH ra3aMH H 
HCHAKOCTHMH HJIH HHblX ITHeBMOniflpaBJIHHeCKHX CHCTeM. 

76. KoHCTpVKUHOHHblH MaTepHaJI, BKJIIOHaiOIHHH no/uioHocy H MHorcjioiiHoe 

25 noKpbiTHe, BbinojiHeHHoe H3 nepe/iyiomHXCfl cjioeB BOJib<j)paMa h cJioeB, 
coiiepHcamnx Kap6HZi BOJu><|)paMa, jierapoBaHHbiH (JrropoM b KOjinnecTBe ot 
0,0005 ao 0,5 Bee. % h, bo3mohcho, (JyropyrJiepozuibiMH KOMno3HiiHHMH c 
co^ep/KaHHeM yrjiepoiia jxo 15 Bee. % h (Jrropa no 0,5 Bee. %. 

30 77. MaTepnaji no n. 76, y KOToporo Kap6n^ BOJibcjDpaMa npeacTaBJiaeT co6oh 
MOHOKap6H^ BOJib(|)paMa WC. 
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78. MaTepwaji no n. 76, y KOToporo Kap6im Bo;n>4>paMa npeacTaBjmeT co6oh 
nojiyicap6iM BOJib4)paMa W 2 C. 

79. MaTepnaji no n. 76, y KOToporo Kap6Hfl BOJib<j)paMa npeacTaBJiHeT co6oh 
5 cy6icap6na BOJib(|)paMa W 3 C. 

80. MaTepnaji no n. 76, y KOToporo Kap6Hfl BOJibcj)paMa npe/icTaBJifleT co6oii 
cy6Kap6na Bo/rb<J)paMa W I2 C. 

10 81. KoHCTpyKUMOHHbiii MaTepnaji, BK-nonaioiimH noaJioacicy h MHorocjiofiHoe 
noKpbiTHe, BbinojmeHHoe H3 Hepeflyiomnxca c-noeB BOJib4>paMa h cjioeB, 
coflepacamnx cMecb no MeHbnieii Mepe £Byx Kap6iiaoB BOjn>4)paMa, 
jiernpoBaHHbix cjrropoM b KOJimecTBe ot 0,0005 jxo 0,5 Bee. % h, bo3mohcho, 
(t)Topyr^epoOTbiMH KOMno3mmflMH c coziepacaHHeM yrjiepoaa ao 15 Bee. % m 

15 4>Topa jxo 0,5 Bee %. 

82. MaTepna^i no no n.8t, y KOToporo Kap6*mHbie cnou coaepHcaT CMecb 
Kap6HAOB BOJibc|)paMa WC h W 2 C. 

20 83. MaTepnaji no no n.81, y KOToporo Kap6iUHbie cjioh coaepacaT cMecb 
Kap6i-moB BOjib4)paMa W 2 C h W 3 C. 

84. MaTepna^ no no n.81, y KOToporo Kap6HAHbie cjioh coaepacaT CMecb 
Kap6imoB BOJib<t>paMa W 3 C h W !2 C. 

25 

85. MaTepna^ no no n.81, y KOToporo Kap6naHbie c;ioh coflepacaT CMecb 
Kap6iiaoB BOJib(J)paMa W 2 C h W 12 C. 

86. Maiepnaji no no n.81, y KOToporo Kap6H/mbie cjioh co/iepacaT CMecb 
30 Kap6H^oB Bo^b4>paMa W 2 C, W 3 C h W t2 C. 
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87. MaTepHaji no jiio6oMy H3 nyHKTOB 76-86, oTJiiiHaiomHHca TeM, hto 
Kap6HAHbie c/ioh aonojiHHTejibHO coaepacaT BOJib<j>paM. 

88. MaTepaaji no ;no6oMy H3 nyHKTOB 76-86, oT.ranaiomHHai TeM, hto 
5 Kap6wAHbie cjioh AonojmHTeJibHO coaepacaT yiviepo/i. 

89. MaTepHaji no Juo6oMy H3 nyHKTOB 76-88, oTjmnaiomHHCH TeM, hto 
oraejibHbie ero cjiou hmbiot TOJinumy ot 2 iio 10 mkm npn cooTHoniemiH 
tojiiuhhw Hepe^yiomHxcH c-ioeB ot 1:1 jxo 1:5. 

10 

90. KoHCTpyKiiHOHHbiii MaTepHa-i, noJiyHeHHbin cnoco6oM no mo6oMy H3 nymeroB 
70-72. 
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